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“HIGH SUGARY” POLLEN, AND SIEVES USED TO SEPARATE GAMETES 


Frontispiece 


Photomicrographs showing, magnified sixty-five times, a sample of “high sugary” pollen 
(A) and sieves used to separate the large grains from the small (B). The existence of a 
linkage between the “sugary”’—‘“starchy” gene-pair, and a pair of genes (or some other gene- 
tic condition) affecting size of pollen has made it possible to separate by mechanical sifting 
the sugary and the starchy gametes with a considerable degree o{ accuracy. This as demon- 
strated by the ears shown in Figure 1, which were produced by pollination with the fractions 
of pollen passing through the three sieves. The sieves are of the kind used for testing the 


fineness of cement, etc.; the specified openings of those shown are .088 mm., .074 mm., and 
O62 mm. 
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SEPARATION GAMETES 
MAIZE 


P. C. MANGELSDORF 


Texas Agricultural 


HERE are numerous cases in 

which gametes from the same in- 

dividual, differing in the genes 
or chromosomes which they bear, also 
exhibit a corresponding diversity in 
physical or chemical characteristics, or 
in their response to various conditions 
which they encounter. 

Physical diversity is illustrated by 
spermatozoa of some animal species 
which show a dimorphism with respect 
to length of head, presumably associated 
with differences in the sex chromosomes 
and the amount of chromatin. In 
plants, the addition or loss of a chro- 
mosome frequently has a marked effect 
on the size of the pollen grains. 

Chemical differences, readily detected 
by a simple staining reaction, are ap- 
parent in pollen grains from the same 
plants when the character known as 
wary is involved. differential 
staining reaction has been found in 
three different genera of grasses, Oryza, 
Zea, and Coix, and probably occurs 
also in Andropogon. Many other chem- 
ical differences in gametes undoubtedly 
exist, which are yet to be detected. 

Differences in response of the gam- 
etes to various conditions are especially 
common in plants, and the literature is 
replete with reported cases of differen- 
tial pollen tube growth, longevity, resist- 
ance to desiccation, etc., all of which 
may contribute to disturbances in Men- 
delian ratios. The literature on this 
subject has been ably reviewed and 
summarized by Jones*. The reader is re- 
ferred to his book for further details. 


Though diversity of the gametes is a 
well established fact, their actual 
separation into distinct classes on the 
basis of physical, chemical, or other 
differences, has seldom been under- 
taken. I am familiar with only one 
serious effort to accomplish this, though 


Experiment Station 


there may be others which I have over- 
looked. Lush* attempted to separate 
the male determining and female deter- 
mining spermatozoa rabbits and 
swine by centrifuging. In the experi- 
ments with rabbits the sex ratio was 
not altered. In the case of swine no 
breeding results were reported, but 
some difference in size was found be- 
tween spermatozoa from the inside and 
from the outside fractions of the cen- 
trifuge tube. 

The present paper is written to re- 
port the mechanical separation of 
starchy and sugary gametes from heter- 
ozygous maize plants. This separation 
was accomplished by virtue of close 
linkage of the starchy :sugary genes with 
a pair of genes, or some other genetic 
condition, affecting the size of the pol- 
len grains. It suggests, therefore, that 
separation of the gametes, when no 
physical or chemical differences are dis- 
plaved, may, nevertheless, be accom- 
plished if close linkage with variations 
in size can be discovered. 


Unusual Segregation for Sugary 
Endosperm 


The stock in which this linkage oc- 
curred is one in which the writer, in 
collaboration with Dr. D. F. Jones and 
Dr. W. R. Singleton, has, for a num- 
ber of years, been studying the inherit- 
ance of a peculiar condition which we 
have termed “high sugary.” Plants of 
this stock which are heterozygous for 
the well known recessive character, sug- 
ary endosperm produce about 66 per 
cent of sugary seeds when self-pollina- 
ted, instead of the expected 25 per cent. 
When the heterozygote is backcrossed 
on the recessive, approximately 94 per 
cent of the seeds, instead of the usual 
50 per cent, are sugary. The ability 
to produce these aberrant ratios 1s 
transmitted from generation to genera- 
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but only through about 15 per 

and very rarely 
In our experiments 
the “high sugary” condition has been 
transmitted through the pollen’ only 
four times in 386 trials, an incidence 
of only slightly more than one per cent. 

All plants which produce high sugary 
ratios have variable pollen. Measure- 
ments of the pollen grains show that 
the distribution, with respect to length, 
is bi-modal and we have estimated that 
approximately half of the grains are 
smaller than normal, though quite souna 
and well packed with reserves, while 
the remainder are normal. We have 
found that the gene, or other condition 
responsible for the production of tiny 
pollen is located in the third chromo- 
some, to the left of sugary, and that 
the crossing-over is approximately six 
per cent. Other characters in this link- 
age group, including defective endos- 
perm, déys, tunicate ear, Tu, and tassei 
seed, 7's;, are also affected. 

There are many other peculiar fea- 
tures involved in the inheritance of the 
“high sugary” condition which need not 
be mentioned here since a complete re- 
port, to be published jointly with Dr. 
Jones and Dr. Singleton, is now in 
preparation. The facts already present- 
ed are probably sufficient to serve as a 
background for the experiments here- 
with reported. 


tion, 
cent of the ovules, 
through the pollen. 


in Size of Pollen 


Figure 2 shows the frequency dis- 
tributions, with respect to length, ot 
1,350 pollen grains from eleven “high 
sugary” plants and 1,100 grains from 
seventeen normal plants heterozygous 
for sugary. It is at once apparent that 
the distribution representing the pollen 
grains from “high sugary” plants is 
distinctly bimodal, with 


Variation 


1 one mode at 
99 microns and the other at 84. Since 
the two distributions represented by 
these modes are over-lapping it is 1m- 
possible to ascertain exactly the propor- 
tion of the population that should fall 
into each. A rough approximation may 
be arrived at, however, by making each 
of the over-lapping curves symmetrical. 
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If the left curve were made symmetri- 
cal, without regard to the right one, it 
would include 60.66 per cent of the 
observations. If the right curve were 
made symmetrical, without regard to 
the left one, only 37.22 per cent of the 
observations would remain in the latter. 
The average of these two extremes is 
48.94 per cent, which does not differ 
significantly from the 50 per cent ex- 
pected in a 1: 1 distribution. Further- 
more, it is possible, in some samples of 
pollen from “high sugary” plants, to 
classify the grains as normal and tiny 
by observation and in such cases the 
distribution usually approaches a 1: 1 
ratio. In this connection it must be 
remembered that length, which involves 
but one dimension, is not always an 
adequate measure of size or volume, 
which represents three dimensions, es- 
pecially when there is some variation in 
length due to shape alone. The pollen 
grains of corn are usually ovoid in 
shape, but some grains are almost 
spherical and these will be shorter 
though the volume remains the same. 

With the assumptions, (1) that the 
pollen from “high sugary” plants com- 
prises approximately equal numbers of 
normal and tiny grains, (2) that the 
tiny grains rarely or never function 
in accomplishing fertilization in com- 
petition with the normal grains, and 
(3) that the sugary gene is associated 
with normal pollen while the allelo- 
morph, starchy, is linked with tiny 
erains, the peculiar ratios obtained from 
back- -crossing are readily intelligible. 
As already noted, the back-crosses pro- 
duce, on the average, 94 per cent sugary 
seeds and 6 per cent starchy seeds. 
The latter represent the cross-overs and 
the former the non-cross-overs. 


It is evident that if the tiny grains 
could be isolated, and if they would 
accomplish fertilization when competi- 
tion with sormal grains is eliminated, 
the starchy: sugary ratio would be com- 
pletely reversed and the backcrossed 
ears should bear 6 per cent sugary 
seeds and 94 per cent starchy. With 
these considerations in mind we have 
attempted to separate the normal and 
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tiny pollen grains by passing the pollen 
through a series of fine-meshed sieves, 
a procedure originally suggested by Dr. 
L. J. Stadler. After a number of fruit- 
less trials, involving different kinds of 
screens and other variations in pro- 
cedure, very decisive results have finally 
been obtained. 


Sorting the Pollen According to Size 


The sieves used are of a type com- 
monly employed in testing the fineness 
of cement and similar materials, known 
as the U. S. Standard Sieve Series. 
The three sieves used had _ specified 
openings of .O88 mm., .074 mm., and 
062 mm. These openings are surpris- 
ingly uniform in size, at least in the 
two larger sieves, as is shown by the 
photomicrographs in Frontispiece, which 
also illustrate the relation of the size 
of the openings to the size of the pollen. 

Pollen was collected on each of five 
different mornings from a group otf 
fifteen or twenty heterozygous sugary 
plants, from which pollen had previous- 
ly been examined and found to be 
variable. To avoid including any more 
shriveled pollen than necessary, the col- 
lections were made when the anthers 
first began to dehisce in the morning. 
The pollen was immediately taken into 
a cool, moist basement and sifted. The 
sieves, nested into each other, were 
shaken by hand for a period of about 
five minutes, after which the fractions 
were poured out separately on sheets of 
smooth paper, transferred to small 
glassine envelopes, and immedately tak- 
en to the field where the pollinations 
were made on various stocks homo- 
zvgous for sugary endosperm. 

Examination of the pollen from dif- 
ferent fractions, under the microscope 
showed that there were some tiny grains 
remaining in the coarsest fraction but 
that no large, sound grains had yassed 
through the finest sieve. Such iarge 
grains as passed through the finest sieve 
were all desiccated and shriveled. The 
following observations, made on _ the 
fractions sifted on June 5, are typical: 
Fraction remaining in sieve... O88 

All sound, few small. 


Fraction remaining in sieve. .O7 4 
All sound, large and small. 
Fraction remaining in sieve... .062 


About half are shriveled; all 
sound grains are small. 

Fraction passing through sieve .062 
Mostly shriveled; a few sound 
erains, all small. 


The results of pollinating homozygous 
sugary plants with these various frac- 
tions are shown in Table 1. The frac- 
tion from the largest sieve was not used 
in the first test because of a shortage of 
homozygous sugary plants on which to 
make the pollinations. Untreated pollen 
was restricted, for the same reason, to 
only two of the five tests. We have 
found, however, from other extensive 
experiments, that there is very little 
variation from day to day in the per- 
centage of sugary seeds in back-crosses 
resulting from pollination by “high 
sugary” plants. 


Effect of Pollen Separation on Ratios 


It is noted that Lot 1, representing 
the unsifted pollen, which was _ tested 
on two days, produced 94 per cent of 
sugary seeds on both occasions, indicat- 
ing 6 per cent of crossing-over between 
the two factors involved. 


Lot 2, pollinated with the fraction 
remaining in the coarsest sieve, which 
consisted mainly of large grains, yielded 
almost identical results, 93.3 per cent, 
showing that the removal of the small 
grains from the sample had little or no 
effect on the gametic ratios, and indi- 
cating further that the small grains or- 
dinarily do not accomplish fertilization 
in competition with the larger grains. 


The next three fractions, represented 
by the ears in Lots 3, 4, and 5, pro- 
duced 86.7, 41.8, and 25.9 per ‘cent 
sugary seeds, respectively. All of 
these values differ significantly from 
the percentage in the first fraction, 
from the untreated pollen, and from 
each other. It is noted that, though 
there is some variation in the percent- 
age of sugary seeds in the different 
tests, the lower fractions always pro- 
duced a lower percentage of sugary 
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LENGTH OF POLLEN GRAINS /N MICRONS 
DISTRIBUTION OF NORMAL AND “HIGH-SUGARY” POLLEN 
Figure 2 
Frequency distribution, with respect to length, of 1,350 pollen grains from eleven “high 
sugary” plants and 1,100 grains from plants heterozygous for sugary. 


seeds than the higher fractions from 
the same collection of pollen. This 
is true in each of the five separate ex- 
periments. The results are so consistent 
and decisive that calculation of statis- 
tical odds seems almost superfluous. 


Ears resulting from pollination with 
the different fractions are illustrated in 
ioure 1. 

In none of the tests was the percent- 
age of sugary seeds reduced to the 6 
per cent expected if only tiny grains 
nad been included in the lower fraction. 
in the experiment of June 6, however, 
which averaged 15.3 per cent sugary 


for the lowest fraction, there was one 
ear which produced only 8.1 per cent 
sugary seeds, a figure that does not 
differ significantly from the expected 
6 per cent. 


There are two possible explanations 
for the failure to reduce the proportion 
of sugary seeds regularly to 6 per cent. 
The first is that some of the large, 
shriveled grains, which pass through the 
finest sieve, may recover their turgidity 
on contact with the moist silks, and 
may germinate and function. Examina- 
tion of a few of the pollinated silks 
under a microscope, 24 hours after 
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pollination, showed that germination 
was confined to the small, sound grains. 
There is, however, still a possibility that 
a few large grains, shriveled enough to 
pass through the sieve but not enough 
to have lost their viability, would be 
included in the lower fractions, and in 
contact with a moist stigmatic surface, 


would recover sufficiently to accomplish 


fertilization. 


A more probable explanation, how- 
ever, is that some of the small grains, 
which pass through the sieve, are gen- 
etically normal and not tiny. Any 
sample of normal pollen contains some 
small, sound grains. The distribution 
in Figure 2 shows that the smallest of 
the normal grains are as sinall as the 


finy grains from “high sugary” plants. 
These small, normal grains, passing 


through the finest sieve, would, pre- 
sumably, be 94 per cent sugary and 6 
per cent starchy and would tend to 
raise the percentage of sugary seeds 
produced by the fraction in which they 
are included. However, if the small 
normal grains functioned no better than 
the genetically tiny grains of the same 
size, we must assume that almost one- 
fourth of the fraction which produced 
25.9 per cent sugary seeds consisted of 
small normal grains. 

There is some evidence that the tiny 
grains do not compete on an equal basis 
with normal grains of the same size, 
or, to be precise, with normal grains 
in the same fraction or size range. 
This evidence consists of several ears 
which were poorly filled, indicating that 
the supply of functional pollen had 
been insufficient. With a limited sup- 
ply of pollen, so that there is, 1n many 
cases, only one functional grain per 
style, competition would be greatly re- 
duced and it might be expected that a 
larger percentage of the tmy grains 
would function, and hence a lower per- 
centage of sugary seeds would be pro- 
duced. 

Of three ears resulting from pollina- 
tion with the fraction passing through 
sieve .062 on June 6, one poorly filled 
ear yielded 8.1 per cent sugary seeds 
while two well filled ears produced 17.5 


per cent sugary, or more than twice (s 
many. In Lot 3, on the same daie, 
one poorly filled ear produced 23.5 per 
cent sugary while three well filled ears 
bore 37.1 per cent sugary seeds. These 
results, though by no means conclusive, 
may be suggestive of unequal competi- 
tion between normal and tiny grains 
even within the same size range. 


That normal pollen grains, capable of 
accomplishing fertilization, will pass 
through at least two of the sieves used, 
is shown by another experiment in 
which pollen from a heterozygous su- 
gary plant, which segregated normally, 
was sifted. Incidentally, this experi- 
ment also shows that the separation 
accomplished in the first experiment is 
due to genetic association of the 
starchy: sugary genes with differences 
in size of pollen and not the result of 
inherent size differences between the 
starchy gametes and the sugary gametes, 
The results are shown in Table II. 

It is noted that the percentage of 
sugary seeds resulting from pollination 
with the different fractions are alike 
within the limits of random sampling. 
None of the values differ significantly 
from the percentage in the untreated 
pollen or from the expected 1: 1 ratio. 

In addition to the pollinations repre- 
sented in Table II, one pollination was 
made with the fraction passing through 
the finest sieve. This ear, unfortu- 
nately, was lost, either through careless- 
ness at harvest time or because the bag 
had blown off previously. 


Possible Uses of Gametic Separation 


The fact that tiny pollen grains, 
which 
will accomplish fertilization when com- 
petition with sormal grains is reduced 
or eliminated suggests the possible use- 
fulness of gametic separation in certain 
types of genetic studies, particularly 
where some classes of gametes are 


regularly eliminated because of extra 


or lacking chromosomes. It may also 
have some role to play in plant breed. 
ing operations, especially when dealin; 
with species crosses, which often exhib! 
great pollen variability. Harrington 


are ordinarily non-functional, 
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has recently shown that, in crosses of 
emmer and common wheat, Triticum 
dicoccumX Triticum vulgare, seeds with 
shriveled endosperm are more likely to 
produce plants with vulgare character- 
istics than plump seeds. Hence the 
condition of the endosperm may be 
used to some extent as a basis of selec- 
tion for certain types, before the seed 
is planted. Perhaps selection among 
the gametes might yield. even greater 
returns, especially in material where 
artificial pollinations are easily made, 
such as crosses of maize and teosinte. 


Summary 


1. In a stock known as “high su- 
vary, heterozygous plants produce pol- 
len of two sizes, normal and tiny, in 
approximately equal numbers. 

2. The normal grains are linked with 
the sugary gene with approximately six 
per cent of crossing-over. 

3. The tiny grains, which are linked 
with the starchy gene, do not function 
in competition with normal grains, 
hence all but six per cent of the 
starchy gametes are eliminated, and 
hackcrossed ears yield 94 per cent su- 
vary seeds. 

4+. It has been possible, by passing 

the pollen through a set of fine-meshed 
sieves, to separate the two classes of 
pollen, and separation on the basis of 
size has also separated the starchy and 
sugary gametes. 
5. Different fractions of pollen from 
the same plants produce markedly dif- 
ferent results when used in pollination. 
The percentage of sugary seeds has 
been reduced from 94.0 to 25.9. 

6. Separation of the pollen grains 
on the basis of size has no effect on the 
ratios when pollen from normal hetero- 
zygous sugary plants is used. 

7. Possible uses of gametic separa- 
tion in genetic studies and plant breed- 
ing are suggested. 
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TABLE I—Results of Pollinating Homozogous 
Sugary with Various Fractions of Pollen from 
Heterozygous ‘“‘High Sugary’’ Plants. 


Date Seeds produced 
of Per cent 
Pollen used test Total Sugary sugary 
1. Not treated 6/5 613 S76 94.0 
6/6 557 524 94.0 
Total 1170 1100 94.0 
2. Fraction remaining in 6/4 436 401 92.0 
sieve .088 mm, 6/5 540 510 94.4 
6/6 585 $57 95.2 
6/9 400 362 90.5 
Total 1961 1830 93.3 | 
3. Fraction passing through} 6/3 467 403 86.3 
sieve .088 mm. but re- 6/4 583 $20 89.2 
maining in sieve .074 mj 6/5 327 263 80.4 
6/6 336 301 89.6 
6/9 495 428 86.4 
Total 2208 1915 86.7 
4. Fraction passing through| 6/3 489 259 53.0 
sieve .074 mm. but re- 6/4 130 63 48.5 
maining in sieve .062 m. 6/5 362 111 w.7 
6/6 1027 363 3523 
6/9 277 49.6 
Total 2566 1073 41.8 
5S. Fraction passing through| 6/3 103 34 3320 
sieve .062 mm, 6/4 221 6S 2904 
6/S 57 16 28.1 
6/6 268 41 15.3 
6/9 263 80 30.4 
Total 912 __236 25.9 


TABLE I!l—Results of Pollinating Homozygous 
Sugary with Fractions of Pollen from Nor- 
mal Heterozygous Sugary Plant. 


Seeds produced 
Per cent 
Pollen used Total Sugary sugary 
1. Not treated 2010 987 49.1 
2. Remaining in sieve .088 mm. 1214 612 50.4 
3. Remaining in sieve .074 mm. 781 393 50.3 
4. Remaining in sieve .062 m. 210 110 S204 | 
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SEPARATED SINCE CHILDHOOD 
Figure 3 


Twins D (left) and B (right), taken when they were thirty-four years old. There was 
less difference then in physical condition than at present (four years later) when B weighs 
814 pounds more than D, who is decidedly underweight. 


Separated at fourteen months of age, these twins did not know of each other’s existence 
until they were sixteen. When they were re-united then, their best friends could not tell 
them apart. One of them married a man in comfortable circumstances and the other a farmer 
who was homesteading a claim in North Dakota, so that their environment has been quite dif- 
ferent during adult years. This is reflected in some differences in physique, but much less 
in intelligence and emotional tests, which still classify them as extremely alike. 


MENTAL AND PHYSICAL TRAITS 
IDENTICAL TWINS REARED APART 


Case V. Twins “B” and ‘“D”’ 


H. H. NEwMAN 
University of Chicago 


IV, we expressed some pessiinism 

as to the likelihood of securing any 
more cases of identical twins reared 
apart. Evidently this pessimism was 
ill founded, since, largely as the result 
of a radio talk on identical twins by 
the writer, four or five new cases 
have come to light. The first of these 
new cases will form the basis of the 
present report, and the second will be 
published in September. 

Twins B and D are older than any 
of our previous twins, being now thir- 
tv-eight years of age. Both are mar- 
ried women with children, B having 
four children, D six, none of them 
twins. The twins are the first children 
of a very young couple, the father be- 
ing only eighteen years old and the 
mother seventeen when the children 
were born. The parents tried for four- 
teen months to get along with the chil- 
dren, but had to give them up at that 
time because of financial difficulties. 
The twins were put in a children’s 
home in Iowa. A wealthy woman want- 
ed to adopt them both, but when the 
authorities insisted that they be sepa- 
rated, she lost interest and would not 
accept either. Shortly after this they 
were adopted by two different persons 
and were separated, never to see or 
hear of each other again until they 
were sixteen. Their first meeting was 
brought about somewhat dramatically. 

While D was assisting in her foster- 
father’s store, a salesman visiting the 
store saw her and began a_ friendly 
conversation with her as though he knew 
her well. When she rebuffed him, he 
asked her if she were not F— R—. 
She said she knew of no such person. 


| the report of our last case, Case 


The salesman then asked her foster- 
father if she were not F— R—. He 
replied that she was not, but that she 
had a sister of that name. The girl 
F— R— was the adopted daughter of 
the next door neighbor of the salesman 
and the two families were on friendly 
terms. Hence the mistake in identi- 
ties was, to say the least, quite excus- 
able. It was only natural that an ar- 
rangement should be made to. bring 
these sisters together. When B got off 
the train D said it was as if she saw 
herself getting off, so extremely similar 
were the two girls. They spent a hap- 
py three weeks together wearing each 
other’s clothes and pretending to be 
each other. They had no difficulty in 
deceiving their best friends. 

They developed at once a very strong 
mutual affection, which has never di- 
minished though they were forced to 
separate for another period of several 
years. They corresponded a good deal 
during the period of separation. Both 
twins moved around from place to 
place a good deal, but when they were 
twenty years old D decided to go to 
B’s town and live with her. They se- 
cured situations in two different busi- 
ness firms, but often took each other’s 
place for a joke, without being discov- 
ered. It was at this time that the 
photographs shown in Fig. 5 were 
taken. 

The twins lived together for about a 
year, until D married. About two years 
later B married also. Since then they 
have never lived together and have only 
visited occasionally. It should be noted 
that the twins were entirely apart from 
fourteen months of age to sixteen years 
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PALM PATTERNS OF THE TWINS 
Figure 4 


Palm patterns of ) (above) and of B (below). Note that the right palm of D is like 
the left palm of B, and that the left of B is like the right of D. These cross-resemblances 


are greater than the resemblance between the twins’ own right and left hands. 
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,f age, and were together for less than 
two years after that. 

Up to the time that the marriage of 
/) caused their separation, they were 
so similar in every way as to be prac- 
tically indistinguishable. What differ- 
ences, especially physical ones, that are 
now so strikingly apparent must have 
arisen since they were twenty-one 
vears of age. 

There was very little difference in 
educational experience between the 
twins, B going through the eleventh 
erade, D through the tenth. B’s educa- 
tion was somewhat less interrupted and 
possibly in somewhat better schools, for 
she went to school in good sized towns, 
while 1) went to country schools. 

They both had the usual run of chil- 
dren’s diseases in light form and were 
in equally good health until they were 
twenty-one. 


The outstanding environmental dif- 
ference may be summed up in the state- 
ment that after marriage, B had an 
easv life, D a hard one. B married a 
man who made a good income and was 
able to engage help for his wife when- 
ever she needed it. D’s husband was 
at first a farmer in North Dakota and 
then a railroad brakeman, the family 
living either in the country or in rural 
communities. During the war J) had 
to carry on largely alone while staking 
a claim on a new farm in North Da- 
kota. During this time she had two 
children. Food was hard to get at 
times and of poor quality and variety. 
She also had a very serious attack of 
“influenza” during this time and took 
about three years to accomplish com- 
plete recovery. It may be that she has 
never fully regained her health since 
that illness. At all times D has worked 
hard and has reared a large family 
with great credit to herself. 

There was also a great contrast in 
the social environment of the twins. 
Twin B has always been very socially 
inclined, being interested in women’s 
clubs, musical organizations and ama- 
teur dramatics. She savs she has al- 
ways had “heaps of friends.” Twin 
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PD, on the other hand, has been too 
busy for much social life, even had her 
rather meager social environment of- 
fered her the opportunity to participate 
in it. D's six children, as compared to 
B’s four, must also have kept the for- 
mer more closely confined to family 
life than was the case with PB. 


Are “B” and “D” Monozygotic 
Twins? 


There is no question about the mono- 
zygotic origin of these twins. The fact 
that during their short periods of living 
together they were indistinguishable by 
their best friends and often successful- 
ly impersonated each other is sufficient 
without further evidence to classify 
them as monozygotic, but it seems well 
to offer what further evidence is avail- 
able. Table I gives the physical char- 
acteristics in brief form. It will be 
noted that there are no significant dif- 
ferences in eve color; hair color, form 
and texture; skin characters; features; 
‘ars; height and width of head, ete. 

The palm and finger patterns of the 
two are extraordinarily similar, almost 
as similar as any of our fifty pairs of 
identical twins reared together. 

The finger-print formulae are as 
follows: 


B Left: W.W.Wlu.Wlu.U. 
D Leit: W.Wbr.U.U.U. 

B Right: W.Wr.U.U.Wlu. 
D Right: 


The two right hands are more alike 
than either is like each twin’s own left, 
being especially similar in having close- 
ly similar radial whorls on index fingers 
of both. The quantitative values of the 
finger prints are as follows: 


Right — Left Total 

Bonnevie method B 45.5 36.5 82 
D 41 43 84 

Newman method B 56 59 115 
D 56 58 114 

Actual counts ........ B 103 99 202 
D 99 102 201 


It is readily seen that there is dis- 
tinct mirror imaging in the quantitative 
values of the ridges, B’s right hand be- 
ing more similar to D’s left hand than 


» 
~~ 
~ 
aa 
4 
> 
= 
~ 
J 


300 


like her own left hand. The Bonnevie 
method shows the total values of the 
two hands of B and D only two units 
apart, which is in itself clear evidence 
of monozygosity, for no _ fraternal 
twins could ever have so close a cor- 
respondence. 


The palm pattern formulae are as 
follows: 


B Left: 9(8). 7(6). 5.’5’—?—Au.0.0.0.L. 
B Right: 7(8).5” (6). 5.°5’—?—Au.0.0.0.L. 
D Left: 7(8).5"(6). 5.’5’—?7—Au.0.0.0.L. 
D Right: 9(8).7(6). 5.’5’—?—Au.0.0.0.L. 


Here we have a condition very com- 
mon among identical twins and absent 
among fraternal twins, namely, mirror- 
imaging. The right hand of B is al- 
most exactly like the left hand of D, 
more so than like her own left hand. 
Similarly, the left hand of B is like the 
right hand of J). All four hands are, 
however, very similar in pattern. Thus 
the dermatoglyphics alone would consti- 
tute almost conclusive proof of mono- 
zygosity. 


General Physical and Behavioral Dif- 
ferences between the Twins 


The most striking differences be- 
tween these twins are those of physical 
condition. B is much better preserved 
in every way than D. Though both are 
of slender build and both small women, 
B weighs 814 pounds more than D, 
who is. obviously decidedly under 
weight. All the circumferential meas- 
urements of B are greater than those 
of D. B’s hair is thicker and in a little 
better condition. Most striking of all 
are the differences in the condition of 
the teeth. B’s teeth, though she is 38 
years old, are absolutely perfect, not a 
bit of decay being present in any tooth 
and all being very white. This is quite 
unusual in a person of that age. In 
striking contrast is the fact that D's 
teeth are in bad condition, the upper 1n- 
cisors being discolored and worn down 
to nearly one half their original length. 
The two lower premolars have been ex- 
tracted, both right lateral upper incis- 
ors are hopelessly decayed, and other 
signs of incipient decay are present in 


The Journal of Heredity 


other teeth. Since the teeth of D haye 
been cared for as well as those of 8 
the poor condition is probably due to 
inadequate food during pregnancy. 

In general, B looks hardly over thir- 
ty years old, while D looks nearer for- 
ty, even older than her real age. D has 
aged most decidedly during the last few 
years as is evidenced by Figure 3, when 
the twins were 34 years old and were 
much more similar than they are now, 

B’s behavior is much more confident 
and self-reliant than D's. She takes the 
lead in all social relations. In some re- 
spects she seems to possess a stronger 
character, but D has shown courage and 
energy to a high degree. 


I. Intelligence Tests 


1. Stanford-Binet Mental Test. B 
took this test more quietly and easily 
than D, who seemed to worry over it 


somewhat. The results of the test were 
as follows: 


Mental Age 
14 yrs., 10 mos. 93 
14 yrs., 3 mos. 89 
Difference _................ 7 mos. 4 
The differences were small, slightly 


less than the average differences of 50 
pairs of identical twins reared together. 


2. Thurstone Psychological Exami- 
nation.—This test is designed to test 
the mental rating of college freshmen. 
Since neither of these twins had fin- 
ished high school, the test was too dif- 
ficult for them. 8’s score was 30, D’s 
20. This gives them a percentile rank 
of .007 and .003, respectively, that is, 
they come seventh and third from the 
bottom of a typical group of a hundred 


college freshmen. What difference 
there is favors B over D. 


3. Otis Self-Administering Test.— 
On this test the relative scores were 


about the same as on the Stanford- 
Binet test: 


Score Mental Age 
31 13 yrs., 10 mos. 89 
28 13 yrs., 1 mo. 86 
Difference ........ 3 9 mos. 3 


Note that B is again slightly supert- 
or to D. 
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THE TWINS AT TWENTY 


Figure 5 
Twins D (left) and B, taken in the same gown and ornaments. At that time they were 
so much alike that they took each other’s places frequently, and the deception was never dis- 
covered. Physical appearance and finger-prints prove that they are identical twins. 


4. International Test. — B’s total 
score was 74, D’s was 69. These are 
very low scores. Both women were 
very tired when they took this test, and 
both would have done better after a 
rest. Nevertheless, the test shows the 
same slight superiority of B over D. 

5. Stanford Achievement Test—The 
results of this test are expressed in ed- 
ucational age, B’s educational age being 
15 years, 2 months; D’s being 14 
years, 8 months. There is a difference 
in favor of B of six months, which is 
only about a month greater than the 
average differences of 50 pairs of iden- 


tical twins reared together. The scores 


on the different parts of the test cor- 
respond rather closely. Both did rela- 
tively well on reading, nature study, 
science and_ spelling, and _ relatively 
poorly on arithmetic, history and liter- 
ature. There is about the same dif- 
ference between the two women in edu- 
cational age as in mental age, and the 
difference is in the same direction, B 
being slightly superior. 


II. Temperamental-Emotional Tests 


1. Downey Individual Wil-Temper- 
ament Test—The results of this test 
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Designation of Trait 012 3 45 67 8 9 10 
1. Speed of Movement 
eer 
2. Freedom from Load p 
3. Flexibility 
4. Speed of Decision 
4 
5. Motor Impulsion 
6. Reaction to Contradiction wae = 
7. Resistance to Opposition : 
8. Finality of Judgment 
9. Motor Inhibition 
10. Interest in Detail 
11. Coordination of Impulses 
B 


THE “WILL-TEMPERAMENT” PROFILE 
Figure 6 


The results of this test indicate similarities rather than differences. 


are shown graphically in Figure 6, the 
will temperament profile. There are 
four items in which there is a differ- 
ence of five or more points out of a 
possible ten, namely, freedom from 
load, 8 points; speed of decision, 5 
points; reaction to contradiction, 5 
points, and coordination of impulses, 
6 points. These differences, while they 
give a markedly different pattern, con- 
cern themselves with individual items 
within classes or groups, rather than 
with whole groups. They indicate there- 
fore only a moderate difference in will- 
temperament characteristics. 

High scores on the first five traits 1n- 
dicate a mobile, rapid-fire disposition ; 


low scores, the opposite. The scores 
were : 

D ...... 4,9,0,1,4=18—5=3.7+ 


They are both below average in these 
traits taken as a whole, though D is 
high in one of them, namely freedom 
from load. High scores on the last 


four items indicate a controlled, delib- 
erate, careful person; low scores, the 


opposite. The scores were: 


In these respects B is somewhat supe- 
rior to D. 
High scores on items 5, 6, 7 and 8 


indicate a strongly aggressive and 
forceful personality. The scores were: 
4,7,9,8=28—4=7 


In these respects D was above average 
and 4 only average. 

A high total score, around 90, would 
indicate a forceful personality and a 
score around 40 or 50 points would 
mean a rather striking deficiency in 
will-temperament qualities. total 
score was 56, D’s was 55. They are 


both therefore about equal in ranking 
and just above average. 

2. Kent Rosanoff Association Test. 
—In this test there appeared very little 
There 


similarity between the twins. 
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were only 6 identical responses out of — Data Sheet——B marked 15 unfavorable 
100. This is much the greatest dis- answers, )) marked 18. Thev agreed 
sunilarity we have yet loi in identi- in 15 items. This is an unusually close 
cal twins and may be due to the very — similarity. It also indicates that the 
different environments. This test does two women are about normal in their 
not reveal any more similarity between — reactions. 
BR and D than might be expected be- Summary 
tween two persons ‘picked at random. 
3. Pressy X-O lests.—These tests intellectual "ability and in education- 
aii designed to bring out resemblances al attainment, which may be due. to 
and differences in emotions. the fact that she went through the 
On the first test D marked 54 items. eleventh grade, while )) went through 
B only 33, indicating much greater sus- the tenth. On the whole. they are very 
ceptibility to feeling in On the sec- similar. temperament-emotional 
ond test B marked more items than D. traits they are verv different in some 
()n the third the differences were slight respects, “verv similar in others. ()n 
and on the fourth somewhat ambigu- — the whole. they are much more similar 
ous. On the whole test the scores were than different. In physical condition 
D), 184; B, 167. These tests by them- there is a very marked difference. This 
selves indicate D somewhat more emo- js the first case out of the six cases of 
tional than B, but the difference is not jdentical twins reared apart where 
very significant. there was so slight a difference in both 
4. Woodworth Mathews Personal intelligence and temperament. 


tABLE I—Physical Characteristics of “B” and ‘“D”’ 


Character 
Length of fore arm...................--. R, 39 em: L. 38.8 em................. R. 387 em: L, 389 cm. 
Circumference of fore arm.....R, 19.5 em: L, 19.5 em... R. 18.8 cm: L. 18.7 ecm. 
Circumference of R, 32.3 cm: L. 32.1 em............. R. 31.5 em: L. 31.7 cm. 
OF R, 23.2 om: L, 23.3 cm............ R, 23.1 em: L, 22.8 em. 
Hair texture sott and same 
fair and smooth............ not quite so smooth 
Ear and 
peculiar tone quality, very 
same 
Features ........0..cccccccccceeececceeeneeeeeee. B's tace a little broader same except face a little nar- 
rower 
white and without any decay....front teeth worn discol- 


ored, several teeth extracted 
and others decayed 


A Perverted View of Eugenics 
THE FAMILY, by E. B, Reuter, Pro- This book is a compilation of ar- 


fessor of Sociology at the University of ticles from a ereat variety of sources 
RuNNER, Pp. 616. 
owa, and JEsste RrpGgwAy RUNNER, Pj on all phases of family organization 


McGraw-Hill Book Co., New York and Lon- 
don, 1931, and disorganization. The compilers 
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have attempted, in the material they 
have quoted, to cover both or all sides 
of every question. Obviously, in so 
broad a subject, the choice of the quota- 
tions is all-important, and one cannot 
avoid the feeling that the mental at- 
titude of the cmnuiines has definitely in- 
fluenced the selection of material. One 
gets the feeling in many of Professor 
Reuter’s writings that he has a dis- 
tinctly anti-biological outlook, and this 
feeling is strengthened by this book. 
What the reviewer has in mind Is, per- 
haps, set forth by Professor Reuter in 
the Introduction to the chapter on 
“Birth Control and Eugenics” which 


closes with the following amazing para- 
graph: 


Attention should be called in passing to the 
conflict between the monogamous family 
ideal and the eugenic program for racial im- 
provement. It is doubtless possible to make 
some minor improvements in the racial stock 
by preventing the reproduction of defective 
and inferior individuals where the condition 
is one of an heritable nature. It is quite prob- 
able that the struggle for existence in the 
early cultures eliminated a considerable per- 
centage of the defective and natively inferior, 
and it is quite certain that infanticide as 
practiced among the Greeks, Romans, Chi- 
nese, and other peoples improved the quality 
by removing weak and defective individuals. 
But the selective removal of a small per- 
centage of inferiors in each generation can 
have no appreciable effect on the average 
quality. In breeds of stock, improvements 
are made by selecting a few superior males 
to be the fathers of the next generation. 
In human society it would be possible to 
improve the quality by the same method. 
A real eugenic improvement would be pos- 
sible with a polygamous type of family; it is 
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not a possibility with a monogamous family 
system. 

Naturally we looked through | the 
quotations that followed to find some 
substantiation for so surprising and 
wholly absurd a statement. Since this 
matter is not discussed at all elsewhere, 
it is evident that the writer actually con- 
siders that it requires no proof. We 
are reminded of Aaron Burr’s cynical 
definition of law: “whatever is boldly 
asserted and plausibly maintained.” The 
very absence of any discussion gives 
these statements a certain false appear- 
ance of veracity. 

It can hardly be questioned that 
the traits of a superior sire can be mul- 
tiplied and fixed more rapidly by poly- 
gamous matings and by _ inbreeding 
(which Reuter does not mention ) than 
by monogamous matings. He over- 
looks entirely the fact that the use of 
polygamous matings in herd improve- 
ment is largely economic rather than 
biologic; he ignores altogether the fact 
that the aims of herd improvement and 
eugenics are fundamentally different. 
The statement that eugenic improve- 
ment is not a possibility with a mono- 
gamous type of family remains a false- 
hood whether boldly or diffidently as- 
serted. That he is willing to sponsor 
statements of this character brands 
Reuter as so amazingly ignorant of, or 
emotionally biased against, biological 
and genetic concepts that his extensive 
writings on racial matters scarcely de- 
serve to be dignified by serious con- 
sideration. 

Rorert Cook. 


A Table for Computing Elapsed Time 


AY the calander is now arranged, 
weeks and months go neither uni- 
formly into each other nor into years, 
so that problems dealing with elapsed 
time are always something of a minor 
nuisance to the statistician. Pearl and 
Minor, in the Milbank Memorial Fund 
Bulletin for April, 1932 (page 151), 
present a table which gives for any 
date the decimal values of that date for 
the elapsed part of the year and for the 


remaining part of the year. We are 
accustomed to consider June thirtieth 
the end of the first half of the year. As 
a matter of fact, this table shows at a 
glance that the second half begins at 
noon July second; and the last hours 
of October first represent the end of 
the third quarter. 

Any person dealing with problems 
involving elapsed time should find this 
table extremely useful. 
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HEREDITARY BLINDNESS 


Lewis H. Carris 
Managing Director of the National Society for the Prevention of Blindness 


NY attempt to catalog the major 
causes of blindness cannot fail 
to include the classification 

“Hereditary.” It is not the purpose ot 
this paper to review the scientific re- 
searches which have been made from 
time to time to determine the number 
of those who are blind or who have 
suffered serious loss of sight due to 
this cause. Such estimates vary from 
ten to fifteen and even a greater per- 
centage. 

The late Dr. Lucien Howe of Buf- 
falo devoted much of his time, especi- 
ally during the later years of his life, 
to research in the field of hereditary 
blindness. He proposed and advocated 
legislative measures to prevent the mar- 
riage of any person blind from an in- 
heritable cause; but as far as I can 
learn, no such legislation has ever been 
placed on the statute books. 

The question of the reduction or 
elimination of the number of persons 
blind from heredity is perhaps the most 
perplexing problem of the movement 
for the prevention of blindness—much 
more complicated than the reduction of 
blindness from such other causes as 
trachoma, accidents, ophthalmia neona- 
torum, etc. As a matter of fact, such 
activities as society may undertake to 
bring about a reduction of blindness 
from this cause must of necessity be a 
part of a larger eugenics program. 
From the beginning of the present cen- 
tury there have been undertaken a vast 
number of genetic researches which 
erew out of the discovery of Mendel’s 
laws of heredity. It has been definitely 
established by these researches that cer- 
tain physical characteristics are in- 
herited and are inevitable in any scheme 
of propagation either in the vegetable 
or animal kingdom. 

In the case of all animal life, where 
mental processes are a part of existence, 
the same limitations are placed upon 


the embryo resulting from the union 
of the egg and the sperm, such embryo 
resulting from a_ selection in equal 
numbers of the chromosomes of the 
two uniting nuclei. 


The laws of inheritance are fixed 
and immutable and any attempt to im- 
prove society such as the eugenists are 
striving to accomplish, must be based 
upon the conscious control of the future 
race through the elimination of the 
reproduction of the physically and men- 
tally unfit. This is a big proposition 
and has many implications into which 
this paper cannot go. It is sufficient to 
say that it is perhaps the greatest prob- 
lem of society at the present time. 

Considered in many of its aspects the 
question of inherited blindness is rela- 
tively small compared with the handi- 
caps upon society through inheritance 
of certain other physical and mental 
characteristics, such as insanity, feeble- 
mindedness, and epilepsy. The aim of 
society is to produce individuals who 
can successtully adjust themselves to 
the environment in which they must 
live. In one respect at least the ques- 
tion of hereditary blindness does not 
have the sociological importance which 
the other inherited characteristics do 
have; that is, blindness does not of ne- 
cessity, imply diseased or impaired 
mind, and, after all, the greatest handi- 
cap which an individual can have inso- 
far as its resulting in a permanent in- 
ability to adjust to a given environ- 
ment, is that of a high degree of feeble- 
mindedness or insanity. 


Again, considered with reference to 
the amount of inherited blindness in 
comparison with other inherited handi- 
capping physical characteristics, blind- 
ness is relatively limited. The number 
of blind people from all causes in the 
United States is approximately one out 
of every 1,000, or one-tenth of one per 
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cent. Assunung that 10% of those who 
are blind are blind from an inheritable 
cause, we have one out of every 10,000 
or one one-hundredth per cent of the 
total population so affected. 

As a general proposition, modifica- 
tion of the human race through selec- 
tive parenthood or through the exercise 
of will on the part of the potential par- 
ent is very hard to accomplish. The 
perpetuation of animal life is dominated 
by instinct rather than reason. Any 
such control through reason and delib- 
eration presupposes a high degree of in- 
telhgence and understanding con- 
trol over instinctive forces and this is 
found in an almost negligible propor- 


tion of the human race. The attacks 
which eugenists have been making 


through the advocacy of legislative re- 
strictions and through sterilization have 
so far been quite limited in their appli- 
cation and such as have taken place 
have been an attempt to prevent the 
propagation of those who will be be- 
yond question drags on society. It 1s 
probable, as time goes on, that a greater 
and greater amount of attention must 
be given to this problem if there is to 
be conscious control of the quality of 
future generations. There is some evi- 
dence to show that public health and 
welfare activities and the accumulation 
of wealth have militated somewhat 
against the natural law of the elimina- 
tion of the unfit, and that the propor- 
tionate number of unfit 1s greater now 
than ever before. However, it may be 
that with the growth of humanitarian 
ideals and practices the number of 1n- 
dividuals who are receiving the atten- 
tion of society because of their inability 
to adjust themselves is greater than 
ever before. 

What has been said above is not 1n- 
tended to deprecate the importance of 
reducing the number of blind from 1n- 
heritable causes, but rather to give it 
its proper setting in the whole problem 
of heredity insofar as that problem at- 
fects the future welfare of the human 
race. However, those who work for 
and with the blind, and the blind them- 
selves, have a responsibility for efforts 
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which will tend to reduce the amount 
of inherited blindness. 


Types of Hereditary Blindness 


First of all, every blind person should 
know, insofar as he is able to ascertain, 
the exact cause of his blindness. 

Dr. Clarence Loeb, of St. Louis. 
Missouri, prepared in 1909 the best 
statement that I have come across on 
hereditary blindness his article on 
“The Marriage of the Blind from the 
Standpoint of a Physician.” This  pa- 
per gives the following principal forms 
of blindness which may be inherited: 


dAnophthalmus and Microphthal- 
mus.—That 1s to say, a total absence of 
the eve or an eve so small as not to 
provide useful vision. After a careful 
research, Dr. loeb concluded that of 
such cases studied 74% of the offspring 
were affected through a direct, indirect, 
or collateral inheritance of this form 
of blindness. 

Buphthalinus. This is the opposite 
of the foregoing and means an eye too 
large to focus. Here, again, the per- 
centage of collateral inheritance exceeds 
70%. 

3. Albinism, or the absence or great 
shortage of pigment from the tissues of 
the eves and especially in the iris which 
serves to shut out the excess of light. 
Dr. Loeb concludes that direct inher- 
Itance from this cause is only 12% but 
that collateral inheritance is very 
marked. In 8& families with 43 children 
he found 21 albinos, or 48%. 

4+. Family Degeneration of the Cor- 
nea. For this cause Dr. Loeb collected 
the histories of 18 families, 10 fathers 
and 8 mothers, with 62 children, of 
whom 26 were diseased, or 42%. Thir- 
teen families with 50 children were re- 
ported, of whom 34, 608%, showed 
collateral inheritance. 

Aniridia, and  Coloboma_ Tridis. 
This means the absence either wholly 
or ina large part of the iris. Dr. Loeb 
states that this condition shows marked 
direct heredity. The = statistics which 
he gathered cover 59 families, with 29 
affected fathers and 30 affected moth- 
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Many descendants — All normal 


| 
DOMINANT INHERITANCE OF GLAUCOMA 

Figure 7 


Chart showing inheritance of juvenile glaucoma simplex (Adapted from Courtney and 
Hill, Journal of American Medical Association, November 28, 1931). The family traces back 
to a Scotch immigrant, who arrived in Virginia about the middle of the Eighteenth century. 
He married a woman suffering from glaucoma, and the defect has appeared in every genera- 
tion since that time. An accurate record has been kept of the members of this family wh» 
suffered from glaucoma. In spite of the fact that the hereditary nature of the disease was 
recognized, the families of glaucomatous individuals have been large. That this should be the 
case in spite of the painful and tragic consequences of the disease, is apparently due to the 
fatalistic religious beliefs of the members of this family, for they are obviously well above 
the average in intelligence and some of them have been leaders in the affairs of the nation in 
spite of the enormous handicap of this disease which has afflicted several members of each 
generation. They live now in an inaccessible foothill region of Virginia. What effect will be 
produced by a clear understanding of the mechanism of the inheritance of this tragic defect re- 
mains to be seen. The certainty that half the children of glaucomatous individuals will, on the 
average, be dcomed to inherit this affliction, and that those without symptoms of glaucoma will 
not transmit it (unfortunately not always the case in this family if the record in the third genera- 
tion is accurate) will serve both as a warning and an assurance. 


ers: there were 156 children, of whom 
116 were affected, making a perecntage 
of 74%. 
6. Ectopia Lentis. In this eve af- 
fection the crvstalline lens is displaced 
and as a result the rays of tight enter- 
ing the eve are unequally refracted and 
a disturbance of vision takes place. In 


this instance 3 cases of direct heredity 
were quoted, the taint coming from the 
father in 19 cases and the mother in 
24+ cases. There were 155 children, of 
whom 109 were affected, a percentage 
of 70%. 

7. Cataract. Dr. Loeb says: “Even 
if the lens is in its proper position, it 
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may be opaque, so that the disturbance 
in vision ranges from very slight to 
only ability to distinguish between day 
and night, depending on the amount 
and location of the opaque spots. This 
is one of the most frequent forms of 
hereditary blindness. The cataract may 
appear very late in life, or may be con- 
genital. In some cases, each succeed- 
ing generation is affected at an earlier 
age, a condition called anticipation.” 
Inasmuch as cataract appears to be the 
most frequent cause of inherited blind- 
ness, it may be well to quote still fur- 
ther from Dr. Loeb, and such extended 
quotation will also give an example of 
the thoroughness of this whole investi- 
gation : 


Berry reported a family where the history 
was known for seven generations. First gen- 
eration was normal. There were 2 members 
to the second generation, both of whom were 
normal. In the third generation there were 
10 children, of whom 5 had cataract. In the 
fourth generation there were 9 children, all 
of a cataractous mother, of whom 4 had cata- 
ract and 5 were normal. In the fifth gen- 
eration there were 6 children, all of a cata- 
ractous mother, of whom 4 had cataract. In 
the sixth generation there were 10 children, 
descended as follows: A cataractous mother 
had 1 normal and 4 cataractous children; a 
cataractous father had 2 normal children; a 
cataractous mother had 1 normal daughter, 
and a normal mother had a normal son. 
The seventh generation had 21 children, as 
follows: A normal father had 10 normal chil- 
dren; a cataractous mother had 2 normal 
children and 1 cataractous daughter; a cat- 
aractous father had 1 cataractous daughter 
by his first wife and 3 normal children by 
his second; another cataractous father had 1 
cataractous daughter and 2 normal children; 
a normal mother had 1 normal child. Cooper 
stated in 1852 that he had been informed by 
the Duke of Sussex that cataract had been 
brought into the royal family of England by 
the marriage of one of his ancestors with a 
princess of Saxo-Coburg-Gotha. She had cat- 
aract and many of her descendants had the 
same affection. Among them was the Duke of 
Cumberland, who commanded at Fontenoy; 
George III, George IV, the Duke of Glou- 
cester, the Duke of Sussex, Princess Sophie, 
and the King of Hanover. 

Including the cases reported in the letters 
received, I have succeeded in collecting the 
histories of 304 cases of direct heredity of 
cataract. The father was affected 145 times, 
the mother 152 times, not stated, 7 times. 
There were in all 1,012 children, of whom 
589 had cataract, and 423 had normal eyes; 
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percentage of affected children, 58. In other 
words, in every family of 5 children, where 
either the father or mother have cataract, 3 
of the children will at some time suffer from 
cataract. The percentage would probably be 
higher were it not that so many people with 
cataract die young, and so leave no de. 
scendants. 

I have found only one case where both the 
father and the mother had cataract. There 
were 8 children, 4 of whom were normal, 2 
kad cataract, and 2 unknown. To these must 
be added the cases reported by Drs. 
and In one of these families there 
were 2 and in the other there were 5 chil- 
dren with cataract, in all 3 families with 15 
children, of whom 9 had cataract, making 
60%—slightly more than where only one par- 
ent is affected. The number of cases is too 
small, however, for a general rule. 

I have found 13 cases of indirect inher- 
itance from grandparent to grandchild, and 
16 cases of indirect inheritance from uncle or 
aunt to nephew and niece. There were in 
these 29 families 107 children, of whom 62 
were normal and 45 had cataract, equaling 
42%. 

In the literature, 66 cases have been re- 
ported of collateral inheritance; that is, cases 
of two or more children in the same family 
having cataract, while all other relatives have 
been free. There were 118 normal and 186 
cataractous children. To these must be added 
the cases reported by Drs. and 
and . making 68 families, 
with 119 normal and 193 cataractous children, 
or 61.8% of the latter. 


8. Retinitis Pigmentosa. This con- 
dition, which is practically the only dis- 
ease of the retina showing hereditary 
tendencies, is characterized by a dim- 
inution of vision especially pronounced 
on a dark day and towards nightfall, 
although there may be almost. total 
blindness on even bright days. This 
affection is subject to direct heredity, 
but its usual appearance is in the form 
of collateral inheritance, and it is often 
found in the offspring of consanguin- 
eous marriages. Of 133 cases of col- 
lateral inheritance reported, there were 
541 children, of whom 349 were affect- 
ed, or 64%. This is considerably larg- 
er than the incidence of direct inher- 
itance, as shown by a record of 126 
families, 61 fathers and 65 mothers, 
with 405 children, of whom 205, or 
50%, had directly inherited the condi- 
tion from the parent. 


9. Atrophy of the Optic Nerve. This 
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Aniridia — Dominant 
(a\ter Clausen) 


Retinitis Pamertosa 
(afier Boe) 


Sex— linked Recessive 
(after Mansfield) 


INHERITANCE OF OTHER FORMS OF BLINDNESS 
Figure 8 


Three inheritance charts (modified from Crew) showing inheritance of Albinism limited 
to the eye, Aniridia (absence of iris), and retinitis pigmentosa. The Albinism 1s inherited as 
a sex-linked recessive, the retinitis pigmentosa as a recessive, and Aniridia as a dominant. 


is a form of blindness due to the de- 
generation or death of the optic nerve 
even though the rest of the eye may be 
normal. It is usually due to syphilis, 
but may be an inheritable condition, 
when it usually occurs in the form of 
indirect heredity from uncle to nephew ; 
females are said to be rarely affected, 
although their male children frequently 
are. In studies made of direct, indi- 
rect, and collateral inheritance of this 
affection, the incidence was respectively 
46%, 60%, and 70%. 

10. Glaucoma. This disease, which 
in acute cases is characterized by severe 
pain, is responsible for a more or less 


rapid loss of sight due to the effect of 
the disease upon the optic nerve. Not 
all forms are hereditary. In 44 families 
where there were 131 children, 72 of 
them, or 55%, showed direct hereditary 
glaucoma. In 13 cases of collateral in- 
heritance, 33 out of 53 children were 
affected, or 62%. 

ll. Nystagmus. By this is meant a 
more or less continual movement of the 
eyes. The condition is_ hereditary. 
With 8 fathers and 10 mothers affect- 
ed, 26 out of 56 children, or 46%, had 
the disease. In 9 cases of collateral in- 
heritance, 29 out of 40 children were 
affected, or a percentage of 70%. Three 
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families had 11 children, or 100%, 
showing indirect heredity. 

12. Strabismus and Ophthimoplegia 
and Ptosis. Ophthmoplegia ex- 
terna, which is a more or less complete 
paralysis of one or more of the muscles 
of the eye or eyelid, is usually directly 
hereditary. The records of 32 cases, 
with the father affected 24 times and 
the mother 8 times, showed 121 chil- 
dren, 77 of whom, or 63%, had inher- 
ited the condition. In five cases of col- 
lateral inheritance there were 17 chil- 
dren, of whom 13, or 76%, were at- 
fected. 

The above extended references to Dr. 
Loeb’s pamphlet indicate fairly well the 
type of research which has been con- 
ducted to arrive at the probability of 
inherited eve defects. Some of the 
causes which are given are the result 
of syphilis, which is not mentioned by 
Dr. Loeb as a cause of hereditary blind- 
ness. It appears to me that consider- 
able research still needs to be under- 
taken to determine eve defects which 
are the result of inherited syphilis. It 
is not possible within the limits of this 
paper to enter into any discussion of 
the question of syphilis as an inherit- 
able disease, or to point out the dis- 
tinction which can be made between 
certain forms of eve trouble which per- 
sist through many generations which 
are distinct from those caused by this 
dread disease. 


Sut when it comes to the question 9; 
the responsibility for future genera- 
tions, every person who is affected with 
this disease, whether he acquired it 
through heredity or any other means, 
must take the same and additional pre- 
cautions as have been suggested above 
as the responsibility of anyone who has 
lost his sight as the result of an in- 
herited physical characteristic. 

It has not generally been an activity 
of organizations interested in. the pre- 
vention of blindness to engage in a4 
first-hand attack on the eradication of 
syphilis, although the extent of eve 
havoc which results from that disease 
is sufficiently extensive to warrant all 
possible support in the war for its ex 
termination. 


Non-!Inheritance of Acquired 
Blindness 


There are still many beliefs in some 
quarters which are fallacious and are 
based upon the wrong assumption that 
an acquired physical characteristic can 
be inherited. Therefore, any one wh) 
is blind from such a cause as trachoma, 
gonorrheal ophthalmia, or accident need 
have no fear of marriage from. the 
standpoint of transmitting his lack of 
sight. 

There is also one other confusion of 
terms sometimes made, that is the dif- 
ference between congenital blindness 
and hereditary blindness. Not all here- 


TABLE 1.—Incidence of Blindness in the Children of the Blind* 


Total Affected Normal % Affected 


Disease Families Children Children Children Children 
II. Aniridia and Colomba Iridis.... 72 199 147 52 73.8 
III. Anophthal and Microphthal.... 48 117 87 30 74.4 
IV. Atrophy of Optic Nerve.......... 150 506 312 194 61.6 
V. Cataract ....................... nieine 404 1446 836 610 57.8 
64 212 155 57 73.1 
VII. Family Degen. of the Cornea 32 114 62 52 54.4 
VIII. Glaucoma  ..0.00.... 58 194 109 85 56.2 
IX. Megalophthalmus 8 28 21 7 
30 107 66 4] 61.7 
XI. Ophthalmoplegia and Ptosis.... 39 145 94 51 64.8 
XII. Retinitis Pigmentosa.................. 286 1027 611 416 59.5 
Total—All Diseases ................ 1204 4155 2523 1632 60.8 


*Based on table appearing on page 38 of “The Marriage of the Blind from the Standpoint of a 


Physician,” by Dr. Clarence Loeb. 
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ditary blindness or eye defects are con- 
genital; for example, the most common 
kind of cataract is in many instances 
an inherited defect which does not ap- 
pear until middle or late life. In some 
instances blindness may be both con- 
genital and hereditary, as for example 
anaphthalmos, or the total absence of 
the eve. On the other hand, there is a 
considerable amount of congenital blind- 
ness which is not hereditary. This is 
due to accidents of birth. Fortunately, 
this is being appreciably reduced due to 
the great advancement which has been 
made in obstetrical practice. 

Nature provides immunity to the em- 
brvo from practically all communicable 


diseases with the exception of syphilis, 
and any disease acquired by the child 
in the process of birth cannot be classi- 
hed as inherited. Ophthalmia neona- 
torum, so often erroneously given as 
blindness from congenital causes, is 
communicated to the eves of the child 
at or after birth, and h-nce cannot be 
classified as congenital. 

This paper has attempted to deal ex- 
clusively with the subject of the = soci- 
ological aspects and implications of 
hereditary blindness and has not en- 
tered into that larger question of the 
economic status of the afflicted. This 
is a general consideration which must 
be solved by evervone, including those 
who have lost their sight. 


The Genetics Congress 
Ithaca, New York, August 24-31 


HE preliminary) program of the 
Sixth International Genetics Con- 
eress has just been issued (August 1). 
This adds considerably to the details of 
the statement regarding the Congress 
published in the July JoURNAL, but time 
is so short that it is hardly worth while 
to publish the program in full. Read- 
ers of the JOURNAL who are planning 
to attend the Congress will have access 
to the final program by the time that 
this appears, including the abstracts of 
all papers and demonstrations to be 
presented at the Congress. Those who 
are not going to Ithaca will be more 
interested to learn of the high points of 
the Congress in our September number. 
In spite of adverse economic condi- 
tions, it is certain that the Congress will 
he truly international in character. Be- 
tween fifty and seventy-five delegates 
from Europe have signified their inten- 
tion of attending, with representation 
from Japan and other countries also as- 
sured. The total enrollment is at pres- 
ent well over seven hundred. 

At the five general morning sessions 
of the Congress, the following topics 
will be discussed by world authorities: 
Thursday, August 25, General Genetics : 


Irriday, Mutations; Saturday, the in- 
terrelations of Cytology and Genetics ; 
Aonday, Genetics of species Hybrids; 
Tuesday, Contributions of Genetics to 
the Theory of Organic Evolution. The 
speakers who have accepted places on 
these programs were given in the an- 
nouncement in the July number. 

Our three hundred geneticists from 
thirty countries are taking part in the 
program, either with papers or with 
exhibits or demonstrations. Section 
meetings will be devoted to the tollow- 
ing subjects: General Genetics ; Cytolo- 
ey; Animal Genetics; Human Genetics ; 
Methods and Technique; Genetics and 
Phytopathology ; Chromosome structure 
and Crossing Over; Genetics of Species 
Hybrids; Drosophila; Genetics and 
Pathology; Problems Relating to Sex 
and Fertility; Fruit and Vegetable 
Breeding. The entire range of genetic 
research will be covered by the exhibits 
and demonstrations. These, and the 
social events, for which time has in- 
geniously been found by the com- 
mittees including arrangements, should 
make the week one long to be remem- 
bered. 
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families had 11 children, or 
showing indirect heredity. 

12. Strabismus and Ophthmoplegia 
E:xterna and Ptosis. Ophthmoplegia ex- 
terna, which is a more or less complete 
paralysis of one or more of the muscles 
of the eye or eyelid, is usually directly 
hereditary. The records of 32 cases, 
with the father affected 24 times and 
the mother 8 times, showed 121 chil- 
dren, 77 of whom, or 63%, had inher- 
ited the condition. In five cases of col- 
lateral inheritance there were 17 chil- 
dren, of whom 13, or 76%, were af- 
fected. 

The above extended references to Dr. 
Loeb’s pamphlet indicate fairly well the 
type of research which has been con- 
ducted to arrive at the probability of 
inherited eye defects. Some of the 
causes which are given are the result 
of syphilis, which is not mentioned by 
Dr. Loeb as a cause of hereditary blind- 
ness. It appears to me that consider- 
able research still needs to be under- 
taken to determine eye defects which 
are the result of inherited syphilis. It 
is not possible within the limits of this 
paper to enter into any discussion of 
the question of syphilis as an inherit- 
able disease, or to point out the dis- 
tinction which can be made _ between 
certain forms of eye trouble which per- 
sist through many generations which 
are distinct from those caused by this 
dread disease. 


100%, 
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But when it comes to the question of 
the responsibility for future genera- 
tions, every person who is affected with 
this disease, whether he acquired it 
through heredity or any other means, 
must take the same and additional pre- 
cautions as have been suggested above 
as the responsibility of anyone who has 
lost his sight as the result of an in- 
herited phy sical characteristic. 

It has not generally been an activity 
of organizations interested in the pre- 
vention of blindness to engage in a 
first-hand attack on the eradication of 
syphilis, although the extent of eye 
havoc which results from that disease 
is sufficiently extensive to warrant. all 
possible support in the war for its ex- 
termination. 


Non-Inheritance of Acquired 
Blindness 


There are still many beliefs in some 
quarters which are fallacious and are 
based upon the wrong assumption that 
an acquired physical characteristic can 
be inherited. Therefore, any one who 
is blind from such a cause as trachoma, 
gonorrheal ophthalmia, or accident need 
have no fear of marriage from _ the 
standpoint of transmitting his lack of 
sight. 


There is also one other confusion of 
terms sometimes made, that is the dif- 
ference between congenital blindness 
and hereditary blindness. Not all here- 


TABLE I.—Incidence cof Blindness in the Children of the Blind* 


Total Affected Normal % Affected 
Disease Families Children Children Children Children 
13 60 23 37 
II. Aniridia and Colomba Iridis.... 72 199 147 52 73.8 
III. Anophthal and Microphthal.... 48 117 87 30 74.4 
IV. Atrophy of Optic Nerve.......... 150 506 312 194 61.6 
404 1446 836 610 57.8 
Vi,. 64 212 155 57 73.1 
VII. Family Degen. of the Cornea 32 114 62 52 54.4 
58 194 109 85 56.2 
IX. Megalophthalmus _ ...................... 8 28 21 7 
30 107 66 4] 61.7 
XI. Ophthalmoplegia and Prtosis.... 39 145 O4 51 64.8 
XII. Retinitis Pigmentosa.................. 286 1027 611 416 59.5 
Total—All Diseases —.............. 1204 4155 2523 1632 60.8 


*Based on table appearing on page 38 of “The Marriage of the Blind from the Standpoint of a 


Physician,” by Dr. Clarence Loeb. 
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Carris: Hereditary Blindness oll 


ditary blindness or eye defects are con- 
genital; for example, the most common 
kind of cataract 1s in many instances 
an inherited defect which does not ap- 
pear until middle or late life. In some 
instances blindness may be both con- 
genital and hereditary, as for example 
anaphthalmos, or the total absence of 
the eye. On the other hand, there is a 
considerable amount of congenital blind- 
ness which is not hereditary. This is 
due to accidents of birth. Fortunately, 
this is being appreciably reduced due to 
the great advancement which has been 
made in obstetrical practice. 

Nature provides immunity to the em- 
brvo from practically all communicable 


diseases with the exception of syphilis, 
and any disease acquired by the child 
in the process of birth cannot be classi- 
fied as inherited. Ophthalmia neona- 
torum, so often erroneously given as 
blindness from congenital causes, is 
communicated to the eves of the child 
at or after birth, and h:nce cannot be 
classified as congenital. 

This paper has attempted to deal ex- 
clusively with the subject of the soci- 
ological aspects and implications of 
hereditary blindness and has not en- 
tered into that larger question of the 
economic status of the afflicted. This 
is a general consideration which must 
be solved by everyone, including those 
who have lost their sight. 


The Genetics Congress 
Ithaca, New York, August 24-31 


HE preliminary program of the 

Sixth International Genetics Con- 
eress has just been issued (August 1). 
This adds considerably to the details of 
the statement regarding the Congress 
published in the July JoURNAL, but time 
is so short that it 1s hardly worth while 
to publish the program in full. Read- 
ers of the JoURNAL who are planning 
to attend the Congress will have access 
to the final program by the time that 
this appears, including the abstracts of 
all papers and demonstrations to be 
presented at the Congress. Those who 
are not going to Ithaca will be more 
interested to learn of the high points of 
the Congress in our September number. 

In spite of adverse econoniuc condi- 
tions, it is certain that the Congress will 
be truly international in character. Be- 
tween fifty and seventy-five delegates 
from Europe have signified their inten- 
tion of attending, with representation 
from Japan and other countries also as- 
sured. The total enrollment 1s at pres- 
ent well over seven hundred. 

At the five general morning sessions 
of the Congress, the following topics 
will be discussed by world authorities 
Thursday, August 25, General Genetics : 


Friday, Mutations; Saturday, the in- 
terrelations of Cytology and Genetics ; 
Monday, Genetics of species Hybrids; 
Tuesday, Contributions of Genetics to 
the Theory of Organic Evolution. The 
speakers who have accepted places on 
these programs were given in the an- 
nouncement in the July number. 

Our three hundred geneticists from 
thirty countries are taking part in the 
program, either with papers or with 
exhibits or demonstrations. Section 
meetings will be devoted to the follow- 
ing subjects: General Genetics ; Cytolo- 
ey; Animal Genetics; Human Genetics ; 
Methods and Technique; Genetics and 
Phytopathology ; Chromosome structure 
and Crossing Over; Genetics of Species 
Hybrids ; Drosophila ; Genetics and 
Pathology; Problems Relating to Sex 
and Fertility; Fruit and Vegetable 
Breeding. The entire range of genetic 
research will be covered by the exhibits 
and demonstrations. These, and the 
social events, for which time has in- 
geniously been found by the com- 
inittees including arrangements, should 
make the week one long to be remem- 
hered. 
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MUTTON, AND HOW GETS THAT WAY 


A Review 


GROWTH AND THE DEVELOPMENT 
OF MUTTON QUALITIES IN THE 
SHEEP, by JoHN HAmMMonpb. 597 pp. + 
XXVI, 139 tables (exclusive of the appen- 


dix), 137 figures, 71 diagrams and 2 text 
figures. Edinburgh and London, Oliver and 
Boyd. 1932. 


“The object of the present investigation 
was to make a general survey of the scien- 
tific principles involved in the production of 
meat from the physiological, anatomical and 
practical points of view.’—Introduction. 

“As has been pointed out before, the ob- 
ject of the work was a general survey of 
the principles involved rather than the con- 
clusive proof of the correctness of one or two 
of them, its aim being the suggestion of 
profitable lines of experimental work bear- 
ing on the development of the animal from 
the meat point of view.”—page 198. 


R. HAMMOND has produced a 

compendium of information on 
how the sheep becomes what it 1s. 
The data presented are the author’s 
own and the point of view is original 
and stimulating. Many of the topics 
discussed are not new but because of 
the author’s original method of at- 
tack and original data, he comes to 
new conclusions with which the read- 
er may not agree but which he can 
not ignore. 

An extensive review of other works 
is evident in the number of titles 
cited. Part I, which deals with 
changes in live weight, ends with a 
list of 118 references. Part II, about 
the weights of the carcass and the 
organs, mentions only 77 titles. Part 
Ill, the various proportions of the 
skeleton and the effects of these on 
conformation, ends with the listing of 
175 other works. Part IV, variations 
in the proportions of muscle, fat and 
bone in the carcass, is attended by 117 
references. Part V (written in con- 
junction with A. B. Appleton) is a 
detailed study of the leg of mutton 
and includes an especially noteworthy 
section on the histoloy of the muscles. 
There are 173 references. 

The comments on other works are 
particularly well arranged, being scat- 


tered under the appropriate subjects 
and along with discussion of the 
author’s own findings, instead of be- 
ing placed all together in a formal 
“review of literature,” or “previous 
works” as is sometimes done. The 
reviewer is inclined to regret that the 
author has not been more critical in 
his references to these other works. 
In some places he seems to have cited 
with almost equal faith and enthusiasm 
the statements of those who were re- 
porting their own actual data and 
those who were reporting hearsay ; 
of those who wrote 50 years ago in 
the light of the science of their time, 
and those who wrote in the last ten 
years in the supposedly brighter light 
of twentieth century science; of those 
who worked with one or two animals 
and those who worked with dozens. 

The book is monumental in scope. It 
is almost unique in the enormous num- 
ber of questions which it attempts to 
answer. As an authoritative source- 
book its most serious weakness lies in 
the small amount of data bearing on 
any question except in Part I. Many 
tables in Parts II, III, IV, and V con- 
tain no averages based on more than 
three individuals. For example Table 
36, on the proportions of the carcass 
and organs in different breeds, contains 
data on only 10 individuals and these 
are scattered among six different breeds. 
Within breeds this scant material was 
hardly even comparable: two of the 
four Suffolks are wethers while two 
are rams. Throughout the entire book 
the conclusions about the effects of 
domestication are mostly based on the 
data from one Soay and one Shetland 
ram. What a terrific responsibility to 
place upon two rams differing in breed 
and age, that of being truly representa- 
tive of wild sheep in general ! 

Where the numbers in each group 
are as small as they are in most tables 
in this book, and especially where 
each group is used as evidence on two 
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or more different questions, such as 
age or breed or sex, there is no pos- 
sibility of estimating in an objective 
way the significance or non-signifi- 
cance of observed differences. The 
author expresses considerable confi- 
dence in having selected representa- 
tive individuals for this analysis. It 
would be pleasant to join him in this 
confidence, but nowhere in the data 
themselves does there seem to be any 
objective way of testing how well this 
confidence is justified. Indeed on page 
357 we find: 


The attempt to pick the leanest and fattest, 
or the best and poorest, out of a pen of 
sheep purchased in the market, such as was 
tried when the investigation was first started, 
was not very successful, as the differences in 
degree were not big enough to obtain those 
wide differences which are necessary for com- 
parison when a limited mumber of animals 
are being used. 

Nevertheless, on pages 372 and 301 
are tables and sections purporting to 
show variations in proportion due to 
state of fatness. The data consist 
entirely of percentages from one lean 
wether to one fat wether. It is not 
legitimate to criticize the author for 
the scantiness of the data since he 
expressly states that the purpose of 
the work was to give a general survey 
rather than conclusive proof for any 
one point. However it is our distinct 
loss that so brilliant and tireless a 
worker did not have available suff- 
cient material to afford the number 
of replications necessary to check his 
conclusions and to delimit his gen- 
eralizations. In general the reviewer 
finds himself inclined to agree with 
the author in most of the conclusions 
drawn, but the inclination thus to 
agree is based only slightly on the 
data presented here and mainly on 
accessory evidence from other data 
or upon the apparent reasonableness 
of the logic. 

Throughout the book the author 
has sought to explain everything in 
terms of as few causes as possible. 
The history of biological problems 
and the complexity of the subject in- 
vestigated makes it seem unlikely 
that the explanation stated can often 


be a complete one. Particularly is this 
the case with the attempts to ascribe 
to the hormones of the pituitary 
glands nearly all the still unknown 
effects of hormone control over 
growth. Again the author tries to 
reduce as much as possible of the 
differences between different kinds or 
types or breeds of animals, and also 
between different organs or _ tissues 
in the same animal, to degrees of 
“early maturity” and “late maturity.” 
In part this is an expansion of the 
biological generalization that “onto- 
geny recapitulates phylogeny—with 
variations.” Parts of the hormone 
discussion are not physiologically ex- 
plicit, as in the continued references 
to “generative ferment” which seems 
to be some kind of a_ hypothetical 
hormone and which on some pages 
seems to be identified with the secre- 
tion of the anterior pituitary. Yet on 
page 392 there are the words “—de- 
pendent on some other factor, pos- 
sibly vitamine supply or its metabolic 
derivative ‘generative ferment.’”’ This 
term is always used in quotation 
marks to indicate its entirely hypo- 
thetical nature. 


Genetics of Mutton 


The references to genetic subjects 
and inheritance occupy only a small 
part of the book and in general are 
in the nature of asides. The genetic 
views expressed were widely held by 
many biologists, even by geneticists 
themselves, as recently as the period 
from 1912 to about 1920 but at pres- 
ent are rather obsolete. Among such 
views may be listed (1) the idea that 
gene mutation is limited to large dis- 
tinct changes, (2) the belief that there 
is some fundamental distinction in the 
inheritance of discontinuous and con- 
tinuous variability, (3) the belief in a 
real difference between ‘qualitative’ 
and ‘‘quantitative’ characters, the for- 
mer Mendelizing but the latter being 
inherited in some other way, and (4) 
failure to appreciate the tremendous 
store of genetic variance maintained 
in all cross-fertilized species and 
breeds by the Mendelian mechanism 
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of inheritance. (In most such species 
even intense selection may be con- 
tinued for many generations before 
this supply of genetic variance is even 
approximately exhausted.) That the 
author's faith in the direct effect of 
environment in producing hereditary 
changes which will make the follow- 
ing generation more adapted to that 
environment is unshaken is shown in 
the following sentences (pages 251- 


As a general conclusion it is considered 
that the main method of evolution is directive 
and not dependent on the large mutations 
which occur. Developmental changes in the 
amimal, directed by the environment form the 
main basis of evolution, and although muta- 
tions give rise to new characters it 1s not in 
these characters that the main difference be. 
tween species lie but rather they ccnsist of 
developmental changes. Thus in our opinion 
selection in a suitable environment is the 
method by which the evolution of domestic 
animals for productive purposes has_ pro- 
ceeded; that is, by the continuous variability 
in the animals breeding on definite lines in- 
duced by the environment and not by the 
accumulation of separate mutations, which 
may and do arise independently in the germ 
plasm. 


One can have little quarrel with 
his belief that selection is the chief 
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means by which the breeder can con- 
trol or direct evolution (the effective- 
ness of such selection perhaps being 


much affected by the use made 
of progeny tests and_ inbreeding 


systems), but it is unfortunate that 
he thinks it necessary to tie up this 
practical procedure with the theoreti- 
cal postulate that the changed envir- 
onment of itself induces an adaptive 
change in the germ plasm. 

In summary this book may be fairly 
described as comprehensive and _ full 
of detailed information with much dis- 
cussion pro and con of various theories 
to explain the findings. Many of the 
conclusions are not supported by suffi- 
cient data to establish them beyond 
reasonable doubt. In many cases 
alternative hypotheses would explain 
the observed results equally well so 
far as the present data go. On ac- 
count of its extensive review of litera- 
ture and the stimulating nature of the 
author’s own data, theories, and con- 
clusions, the book will furnish an ex- 
cellent starting place for those wish- 
ing to investigate any subject in this 
field. 


Jay L. Lusu. 
Towa State College. 


Elizabethan Views on Sex in Plants 


Epiror, JOURNAL OF HEREDITY: 


I was very much interested in the 
paper of Professor Praeger in the 
current issue of the Journal. It is 
very difficult to discover what Shake- 
speare really meant. In England dur- 
ing the Sixteenth and Seventeenth 
Centuries, the word ‘“‘hastard,” applied 
to a flower, was an epithet pure and 
simple. It was not the same as the 
German “Bastard” or hybrid. It only 
meant that the speaker did not like 
the flower in question. The term 
“bastard” was generally applied to 
common or wild varieties, especially 
when they were contrasted with cul- 
tivated forms. Perhaps Shakespeare 


Was only punning on this word to add 
spice to the lady’s conversation. 

sacon, as you showed, certainly 
foretold the improvement of plants 
by hybridization. However, much of 
his talk on sex in plants was quite 
confused. To speak of male and 
female plants was quite common in 
his day but it did not necessarily re- 
fer to sex. If two closely related 
species grew in the same region, the 
larger species was called male and 
the smaller female. Matthiola (1566) 
even mentions four “Geschlecht” or 
four varieties of a species (See male 
and female mandrake). 


CoNWAY 
University of Pennsylvania. 
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WORLD MIGRATIONS 


A Review 


INTERNATIONAL MIGRATIONS, 
VOL. Il, Edited by Watter F. 
1931, pp. 715. $7.00. National Bureau ot 
I:conomic Research, Inc., N. Y. 


HE present volume completes the 

two volume* inquiry into interna- 
tional migration, a project which origi- 
nated with the Social Science Research 
Council and which has been brought to 
consummation under the auspices of the 
National Bureau of Economic Research 
and through the efforts of the Inter- 
national Labor Office and the Interna- 
tional Statistical Institute. Whereas the 
first volume presented the official statis- 
tics, the present consists of critical in- 
terpretations of the respective statistics 
of the chief emigrant and immigrant 
countries. The editor contributes a 
chapter on world population increase 
and another on American immigration. 
The other chapters, prepared by inter- 
national scholars equipped to handle the 
matter, deal with Canada, Argentina, 
Brazil, Australia, New Zealand, France, 
Great Britain, Ireland, Scandinavia, 
Germany, Austria, Hungary, Italy, 
Russia, Mexico, India, Japan, and the 
Jewish people. 

The all-inclusive nature of the pres- 
ent volume makes it impossible to ap- 
praise the various parts of this volume. 
We shall therefore merely try to sug- 
gest its contents and leave to individual 
readers the problem of critical evalua- 
tion. 

Professor Willcox’s study of popula- 
tion growth during the last three cen- 
‘uries indicates that the relative num- 
her of persons of European blood has 
increased considerably and that in 
modern times man has become less 
tropical in habitat. A century from 
now, if one excepts the rapidly increas- 
ing Slavs, a different conclusion will 


probably be in order. “In less than 
three centuries the population of the 
earth has nearly quadrupled and the 
rate of its increase accelerated until 
about 1900, but slackened after that 
date. Asia seems to have gained at 
first more rapidly than any other con- 
tinent; between 1650 and 1800 its pro- 
portion of the world’s population in- 
creased by 10 per cent. Since 1800 the 
proportion has fallen and it now holds 
about the same relative position that it 
did in 1650. Europe and the Americas 
lost ground relatively between 1650 and 
1750, but in the following two centur- 
ies North America gained 8.0 per cent, 
Kurope 6.1 per cent, and South Amer- 
ica 3.7 per cent, or together 17.8 per 
cent, these shifts having been offset by 
a relative loss during the same _ period 
of 11.2 per cent in Asia and 6.8 in Af- 
rica. Africa has lost in relative popu- 
lation almost without a break, its pres- 
ent proportion being little more than 
one-third of what it was in 1650.” 


Immigration and Population Growth 


Professor Willcox examines at some 
length the theory advanced by F. A. 
Walker that foreign immigration into 
the United States constituted not an 
addition to, but a replacement of the 
native population. Walker had con- 
tended that foreign immigration threat- 
ened the American standard of living 
and American sensitivity and thot conse- 
quently the natives limited the size of 
their families. Willcox concludes ‘that 
the population of each part of the 
United States grew in response to its 
own conditions at the time, and that the 
apparent uniformity in the rates of 
growth before 1845, upon which Walk- 
er rested his theory, disappears as soon 
as the different parts of the countrv are 


*Concerning Vol. I, see this journal, Vol. 21, 1930, p. 271. 
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studied separately.” Willcox believes 
that in light of the meagre statistical 
evidence available it will never be pos- 
sible to determine accurately the effect 
of immigration on the birth rate. The 
truth lies in between the extreme view 
of Walker and the extreme anti-Walk- 
er view. Willcox surmises “that the 
approximate uniformity in the rate of 
increase during the early decades of the 
last century was due largely to the 
cheapness and accessibility of good ag- 
ricultural land on the frontier.” 


The Immigrant-Receiving Countries 


The treatments of the chief immi- 
grant-receiving countries are primarily 
analyses of the composition and the 
changing trend of the immigrant 
streams flowing to these countries rath- 
er than of the part played by immigra- 
tion in the national developmental poli- 
cies of these countries. Four-fifths of 
the immigrants who go to Brazil and 
Argentina are Latins, whereas those 
going to Canada are chiefly from 
Northern Europe. R. H. Coats states 
that steady immigration will solve the 
tax and railway problems of Canada 
and that an influx “‘of 200,000 a year 
would assure Canadian prosperity.” 
France alone of the countries of West 
Europe has experienced a net inflow of 
immigrants from her Latin neighbors 
and Poland. Inasmuch as the French 
birth rate has been low for over a half 
century, the immigrant element has be- 
come an integral part of the economy 
of France. 

The analyses of migration from the 
leading emigrant countries of Europe 
and Asia are quite valuable in that they 
deal with both the causes of emigration 
at different periods and with the social 
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and the economic effects of such emi- 
gration. The accuracy of the migra- 
tion statistics of some of these coun- 
tries is examined in detail. Concerning 
Jewish imigration, chiefly from Russia, 
Poland and Lithuania, Dr. Hersch com- 
ments as follows: “No people have 
changed so profoundly as the Jews un- 
der the influence of world migration.” 
The largest proportion of the Jews, 


whose migration became important only 


near the close of the last century, have 
entered the United States, with Canada 
and Argentina next in order. At pres- 
ent more Jews live in the United States 
than in any other country. While emi- 
gration has not reduced the Jewish pop- 
ulation of Europe, it has drained off 
nearly all the natural increase. Migra- 
tion has greatly elevated the economic 
scale of the Jew, has changed him from 
a villager into an urbanite, and in so 
doing has secularized Jewish religious 
life, engendered a Jewish lay culture, 
and shunted many from petty trades 
into occupations filled by physical la- 
borers and salaried workers. These and 
many other points are brought out in 
detail by Dr. Hersch. Equally detailed 
are the essays of many of the other 
writers. | 

While some criticisms will be direct- 
ed against certain of the interpretations 
presented in this volume, students of 
population and history will be grateful 
to Dr. Willcox who has ably edited 
both works and to the National Bureau 
and the cooperating scholars who have 
made both volumes possible. No ref- 
erence library can afford to be without 
them. 

JosePpH J. SPENGLER. 


University of Arizona. 
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INDEX HUMAN FITNESS 


THREE TYPES OF SHOULDER BLADES—A POSSIBLE “FITNESS INDEX” 
Figure 9 


Human shoulder blades (scapulae) have been found to be of three types, classified as 
convex, straight, and concave. (See arrows above). It is found that there are twice as many 
straight and concave scapulae among young individuals and twice as many convex scapulae 
among those sixty years old or over. Scapula-shape apparently does not change during life, 
so that this difference of distribution at various ages appears to be due to a higher death rate 
among those having straight and concave scapulae. Thus this character, of no conceivable 
survival value itself, seems to be of interest as a statistical index of human fitness. 


T would greatly simplify a program 
I of eugenics to have a simple and ob- 
jective way of separating the better 
adapted sheep from the less adapted 
goats of the human family. In the carly 
stages of preventative eugenics there 1s 
a large population that even the most 
confirmed sentimentalist would have 
some difficulty in convincing himself to 
be the cream of the race. Beyond such 
a minimum, definitions of fitness would 
vary with different people. Thus an in- 
dex of fitness, based not on human eval- 
uations, but on actual survival is of 
considerable interest. 


For a number of years Dr. W. W. 
Graves of St. Louis University Medical 
School has been accumulating evidence 
that the shape of the shoulder blades is 
of possible importance as such an index, 
The scapula or shoulder blade is tied to 
the back by a large number of muscles. 
It does not articulate with any of the 
other bones of the skeleton. The edge 
of the scapula lying nearest the back- 
bone varies in outline; some scapulae 
have this edge concave in outline, some 
are straight, and some are definitely 


convex. That the contour of this edge 
should be an index of biological fitness 
is an astonishing fact quite at variance 
with most of our concepts of heredity. 
Nevertheless the evidence that Dr. 
Graves has accumulated seems to put 
this character in a unique category as a 
diagnostic tool. Writing in the Eu- 
genics Review* (London), for October, 
1931, Dr. Graves has summarized his 
findings to date. The first point about 
the scapula is that the shape appears to 
be definitely determined very early in 
embryonic development. As early as the 
twelfth week, foetal scapulae are defi- 
nitely convex or concave. The shape 
does not appear to vary during later 
life. It does not appear to be influenced 
by diet or by the diseases incident to 
the individual history. Scapula type is 
a strongly inherited characteristic. 


Three Kinds of Individuals 


More or less asymmetry in scapula 
type is found in the same individual. 
Thus individuals are found with one 
scapula straight and the other concave, 
or with one straight and the other con- 


* One questions the wisdom of the cover-title under which this article appears: Stigmata 
of Degeneracy. Witha correlation considerably less than 1, normal people, (even the highly 
gifted!) who bear such a “stigma” are not likely to have their enthusiasm for eugenics in- 
creased by such a misleading, almost insulting, misuse of terms, not in any way implied 


in the text of the article. 
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vex, ete. The straight and concave 
types are called scaphoid types in con- 
trast to the convex type. The mixed 
types are classified as scaphoids, as they 
have one scaphoid component. 

The evidence on which Dr. Graves 
bases his claims for the diagnostic value 
of this characteristic is of two kinds. 
One is the distribution of scapula types 
at different ages; the other is the dis- 
tribution of scapula types in different 
components of the population classified 
according to degree of health. ‘The con- 
clusions are as follows: 


(a) The scaphoid types (straight, concave, 
and mixed) predominate in frequency of oc- 
currence in the young and relatively young, 
and the convex types predominate in fre- 
quence of occurrence in the old and relative- 
ly old, regardless of the nature of the mate- 
rial (excellently, well, or poorly adapted). 

(b) The relative percentages of convex 
and of scaphoid (straight concave, and 
mixed) types in all age periods are depend- 
ent primarily upon the age and _ secondarily 
on the nature of the material. 

(c) The percentages of the convex types 
increase while the percentages of the scaphoid 
types (straight, concave, and mixed) de- 
crease in successive age periods from 
childhood to old age, regardless of the 
nature of the material (excellently, well, 
or poorly adapted). 

(d) The percentages cf the concave and 
mixed (scaphoid) types decrease more rap- 
idly than the straight scaphoid types from 
childhood to old age, regardless of the nature 
of the material (excellently, well, or poorly 
adapted ). 

(e) In poorly adapted groups, in similar 
age pericds, there are more scaphoid types 
and fewer convex types than in well-adapted 
groups. 

(f{) Investigations in explanation of the 
age incidence of scapular types in the various 
directions herein outlined, including follow- 
up observations on a relatively large num- 
ber of individuals during periods of growth, 
maturity, and senescence, have disclosed no 
process or circumstance capable of changing 
one type of scapula into another; hence there 
remains but one explanation of the age in- 
cidence of scapular types: the scaphoid types 
(straight, concave, and mixed) are more fre- 
quently found than the convex types in the 
unduly disease-susceptible, the plus-potentially 
sick, the shorter-lived of the race. 


The preceding conclusions are based 
on a study of about 60,000 people. This 


is supplemented by a recent investiga- 
tion of 10,000 more individuals ranging 


in age from 6 to 15 years, and of per- 
sons over 60 years of age. The ap- 
proximate distribution among the group 
6 to 15 years is, scaphoid type, 65%, 
convex type, 35%. Among the group 
60 years and over, scaphoid type 35%. 
convex type 65%. ‘This is a striking 
indication that on the average the con- 
vex type do have an inherently better 
chance of survival. That the character 
of itself has any survival value would 
be questionable. That it should be so 
definitely linked with other characters 
conferring on the individual greater fit- 
ness to survive in this complicated 
Twentieth Century is a most interesting 
fact. A most important research would 
be to discover whether the association 
were with general fitness or with some 
specific ability to resist disease in gen- 
eral, or diseases of a certain type. 


Scapula-Type and Health 


Dr. Graves also investigated the dis- 
tribution among various health types. 
He took as the average healthy group 
high school and university students and 
graduates, and members of the A. E. F. 
Among the less healthy group were tu- 
burcular, insane, feebleminded, and 
prisoners. “Comparable numbers in 
similar age groupings showed approxi- 
mately 14% to 2'%4 times as many con- 
vex scapula types in the supposedly 
healthy as in the known-to-be sick 
group.” 

Dr. Graves emphasizes that this 1s 
purely a statistical measure of fitness. 
He found many scaploid individuals ot 
an advanced age, evidently in excellent 
health and well adapted to their en- 
vironment. Thus the possession ot 
shoulder blades of the scaphoid type is 
not by any means to be construed as 
evidence of inferiority, nor could it be 
considered to be an indication for ster- 
ilization, as the production of mental 
defective children might be. A deter- 
mination of the nature of the other sur- 
vival characters this peculiarity is asso- 
ciated with would seem to be of the ut- 
most importance; it should be under- 
taken without delay. 
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EARLY REFERENCES THE WHITE 
INDIANS PANAMA 


NORMAL AND WHITE-INDIAN CHILDREN 


Figure 10 


In stature and facial characteristics the albinos resemble the other members of the tribe. 
The reduced tolerance to light is indicated by the squinting of the two albinos. Photographs 


by R. O. Marsh. Courtesy of Science Service. 


HIE press in recent years has car- 

ried extensive accounts of native 
white people in Panama. There is one 
phase of the situation which has not 
received the emphasis that it deserves. 
It seems that albinism has persisted in 
that region for a long time. For some 
unaccountable reason the story of find- 
ing white people has had a romantic 
attraction for early American explorers. 
Rumors were common among the first 
adventurers in America. Humboldt 
writing about 1700 speculated on these 
rumors as follows: “Were they albinos 
such as have been found heretofore in 
the Isthmus of Panama?’ Just what 
he is referring to is not certain but a 
very clear account is recorded by Wafer 
in 1681 which has bearing on these 
rumors. Wafer was a buccaneer who, 
after the manner of pirates of the time, 
wrote a book when he retired from hts 
adventures. The necessities of his pro- 
fession forced him into the territory of 
the white Indians. The easier crossing 
at Panama was so strongly held, that 
the buccaneers made use of the crossing 
from the Gulf of Darien. While cross- 


ing, Wafer was wounded and_ forced 
to stay behind for some months among 
the Indians. He had an obvious gift 
for observation and his notes, reprinted 
below are the best record even today 
of the nature of the white Indians. 
His account opens with description of 
the normally pigmented Indians: 

“Their natural complexion is a 
copper-colour, or orange-tawney; and 
their eye-brows are naturally black as 
jet. They use no art to deepen the 
colour either of their eye-brows, or the 
hair of their head; but they daub it 
with oil to make it shine; for like other 
Indians they anoint themselves all over, 
whether for beauty to make the skin 
smooth and sleek, or to supple it and 
keep it from parching, or to hinder too 
mtch perspiration in this hot country, 
1 know not. 

“There is one complexion so sin- 
cular, among a sort of people of this 
country, that I never saw nor heard of 
any like them in any part of the world. 
The account will seem strange, but any 
privateers who have gone over the 
Isthmus must have seen them, and can 
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Photograph by R. O. Marsh 


THREE WHITE INDIANS 
Figure 


These were the children brought to the United States by Dr. Marsh. The rediscovering 
of albinos among these Indians raised a storm of controversy. Wafer’s detailed account of 
them in 1681, gives as long a record of human albinism as is in existence today. 


attest the main of what I am going to 
relate; though few have had the oppor- 
tunity of so particular an information 
about these people as I have had. 
“They are white, and there are of 
them both sexes; yet there are but few 
of them in comparison of the copper- 
coloured, possible but one to two or 
three hundred. They differ from the 
other Indians chiefily in respect of 
colour, though not only. 
Their skins are not of such a white as 
those of fair people among Europeans, 
with some tincture of a blush or san- 
guine complexion; neither yet is their 
complexion like that of our paler peo- 
ple, but ’tis rather a milk-white, lighter 
than the colour of any Europeans, and 
much like that of a white horse. 
“For there is this further remarkable 
in them, that their bodies are beset all 
over, more or less, with a fine short 


milk-white down, which adds to the 
whiteness of their skins: For they are 
not so thick set with this down, es- 
pecially on the cheeks and forehead, 
but that the skin appears distinct from 
it. The men would probably have 
white bristles for beards, did they not 
prevent them by their custom of pluck- 
ing the young beard up by the roots 
continually; But for the down all over 
their bodies, they never try to get rid 
of it. Their eye-brows are milk-white 
also, and so is the hair of their heads, 
and very fine withal, about the length 
of six or eight inches, and inclining to 
a curl. 

“They are not so big as the other 
Indians; and what is yet more strange, 
their eye-lids bend and open in an 
oblong figure, pointing downward at 
the corners, and forming an arch or 
figure of a crescent with the points 
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EVIDENCE OF MENDELIAN SEGREGATION 


Ube 


Figure 12 


Normally pigmented parents and a “white” child among the Indians of Panama. Photo- 
graph by R. O. Marsh. Courtesy of Science Service. 


downwards. From hence, and from 
their seeing so clear as they do in a 
moonshiny night, we us’d to call them 
Moon-ey’d. For they see not very well 
in the sun, peering in the clearest day ; 
their eyes being but weak, and running 
with water if the sun shine towards 
them; so that in the day-time they care 
not to go abroad, unless it be a cloudy 
dark day. Besides they are but a weak 
people in comparison of the other, and 
not very fit for hunting or other la- 
borious exercise, nor do they delight 
in any such. But notwithstanding their 
being thus sluggish and dull and restive 
in the day-time, yet when moon-shiny 
nights come, they are all life and activ- 
ity, running abroad, and into the woods, 


skipping about like wild-bucks; and 
running as fast by moon-light, even in 
the gloom and shade of the woods, as 
the other Indians by day, being as nim- 
ble as they, though not so strong and 
lusty. 

“The copper-coloured Indians seem 
not to respect these so much as those 
of their own complexion, looking on 
them as somewhat monstrous. They 
are not a distinct race by themselves, 
but now and then one is bred of a 
copper-colour’d father and mother; I 
have seen a child of less than a year 
old of this sort. Some would be apt 
to suspect they might be the off-spring 
of some European father; But besides 
that the Europeans come little here, and 
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have little commerce with the Indian 
women when they do come, these white 
people are as different from the Eu- 
ropeans in some respects, as from the 
copper-coloured Indians in others. And 
besides, where an European lies with 
an Indian-woman, the child is always 
a Mostese, or tawney, as is well known 
to all who have been in the West Indies ; 
where there are Mostesa’s, Mulatto’s, 
etc., of several gradations between the 
white, and the black copper-colour’d, 
according as the parents are; even to 
decompounds, as a Mulatto-Fina, the 
child of a mulatto-man, and Mostesa- 
woman, etc. 

“But neither is the child of a man 
and woman of these white Indians, 
white like the parents, but copper- 
colour’d as their parents were. For so 
Lacenta told me, and gave me this as 
his conjecture how these came to be 
white. That ’twas through the force 
of the mother’s imagination, looking on 
the moon at the time of conception; 
but this I leave others to judge of. He 


told me withal, that they were but 
short-lived. 
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“Both these and the copper-coloured 
Indians use painting their bodies, even 
of the sucking children sometimes. 
They make figures of birds, beasts, 
men, trees, or the like, up and down in 
every part of the body, more especially 
the face; But the figures are not extra- 
ordinary like what they represent, and 
are of different dimensions, as_ their 
fancies lead them.” (Quotation from: 
A New Voyage and Description of the 


Isthmus of America. By Lionel Wafer. 


Pages 133-136. Reprinted from the 
original edition of 1699; Edited by 
George Parker Winship, Librarian of 
the John Carter Brown Library. 1903.) 


It appears then that the strain of 
albinism, if these are albinos, was as 
prevalent some centuries ago as it is 
today. If this is true, it is beyond the 
possibility of speculation to estimate 
the number of centuries that albinism 
has persisted in Panama. Certainly it 


is a long clear record of human al- 
binism. 


Harry V. Haran. 


U. S. Department of Agriculture. 


Book Advertisements and A-G-A Book Service 


In this issue appear two advertise- 
ments of books covering various phases 
of the field of interest of members of 
the American Genetic Association. It 
is believed that such announcements of 
important new books and of standard 
works will be a real addition to the 
JouRNAL. Furthermore, the income 
from the sale of advertising space 1s 
much needed to enable us to keep up 
with our new publication schedule, on 
time ! 


In these times especially, to continue 
to sell advertising space in the JOURNAL, 
we must demonstrate to publishers, by 
books actually sold, that advertisements 
in the JOURNAL are a good investment. 


Under no other conditions will we coi- 
tinue to receive the advertising patron- 
age of publishers. Thus in the pur- 
chase of books advertised in the JouR- 
NAL OF HEREDITY, and even of books 
reviewed in our JOURNAL, the mention 
of the fact that the announcement of 
the book “was seen in the JOURNAL OF 
HEREDITY” is invaluable. Better yet, 
members are urged to place orders for 
such books through the A-G-A Book 
Service. The book will cost less, and 
such purchases are the most convincing 
possible evidence that the JOURNAL OF 
HEREDITY is a desirable medium for 
advertising genetic, eugenic and_ bio- 
logical books. Members are urged to 
bear this in mind in ordering books. 
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HEREDITARY ODE- 
THE LIMBS 


ORMERLY geneticists were sat- 

isfied to describe the end-character 
produced by a gene, and there was little 
interest in the way genes go about 
getting their tremendously compli- 
cated final results. Today our ignor- 
ance of this problem is still profound, 
but much pioneer work is being done 
in genic physiology, and we are learn- 
ing more and more about how the 
genes go about putting together living 
things. In man, of course, genetic phy- 
siology has made relatively little ad- 
vance because it is not feasible to study 
characters “along the way.” <A recent 
report of a histological study of Mil- 
roy's disease is interesting in this con- 
nection as it enables us to speculate on 
the way the end-result, a tremendous 
odema of the lower limbs, is brought 
about. 

Milroy’s disease is an hereditary con- 
dition, in which the lower extremities 
hecome greatly swollen in early adult 
life (Figure 13). While those affected 
are incapacitated, general health is not 
affected, and victims of the condition 
frequently live to a ripe old age. Ina 
case reported by Dr. Johnson McGuire 
and Dr. Pearl Zeek (Jour. Amer. Med. 
Assoc., March 12, 1932, page 870), 
both the father and the grandfather 
of the patient under _ consideration 
were also affected. An operation was 
attempted with the purpose of facil- 
itating anastomosis between the deep 
and the superficial lymphatics of the 
legs. The pathological examination of 
the tissue removed in this operation 
showed that much of the odematic fluid 
was in pools without definitely defined 
boundaries suggesting that the tissues 
had literally been torn apart by the hy- 
drostatic pressure of the body fluids. 

Conclusions from a single case are, 
of course, hazardous, but considering 
the fact that the odema is limited to 
those parts of the body where the hy- 


“Copyright by American Medical Association 
A CASE OF MILROY’S DISEASE 
Figure 13 


This form cf odema of the lower limbs is 
definitely hereditary. It is disabling, but those 
who have the condition frequently live to a 
considerable age. (Photograph, courtesy of 
Dr. Johnson McGuire and Dr. Pearl Zeek.) 
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drostatic pressure is greatest, one is led 
to wonder whether the condition may 
not be caused by a weakness of some 
of the tissue elements, which are not 
able to withstand this greater pressure. 
When we consider the radical physical 
and physiological rearrangements in- 
volved in a change from a horizontal 
position to an upright, it seems remark- 
able that so many successful adapta- 
tions could be made. Just as the “creep- 
er’ gene in fowls is a reversion to a 
reptilian characteristic, so one wonders 
whether victims of Milroy’s disease are 
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not really suffering from a gene that 


3 


is adapted to the development of tissue} 


“normal” for a quadruped, but not suf 


4 


ficiently rugged to withstand the doub } 
ling of this pressure incident to an up: | 


right posture. 


be tested by keeping incipient sufferers | 
from Milroy’s disease on all fours, so f 
that the hydrostatic wear and tear on f 


the tissues would be halved, but wheth- 


This possibility migh) } 


er all the other adaptations to the ver- { 


tical could be “‘sold” on such an atay- 
ism might be an even more serious 
question. 


Beet Breeding in Russia 


One element of the Five Year Plan 
that is producing large results, on 
paper at least, is the Russian Sugar 
Trust, whose extensive publications 
cover all phases of beet sugar produc- 
tion. The Ukraine has long been an 
important beet-sugar center. Plans 
for the next few years contemplate 
expanding the acreage in this region 
to equal that of the rest of Europe 
and of America combined. Whether 
this plan can be realized depends for 
one thing on the amount of seed 
available. This has resulted in an 
intensive development of stations for 
the study of the genetics of the sugar 
beet. Reports of this research appear 
in the Bulletin of the Sugar Trust, 
published in Kiev. Many of the 
articles have brief, sometimes enigmatic, 
summaries in English. A recent study 
by D. Savizky attempts to separate 
the relatively variable and relatively 
invariable characters in the beet. The 
characters showing a marked vari- 
ability were as follows: the size of 
the assimilation surface; the weight 
of the root; the weight of the foliage ; 
the size of the leaf; the productivity 
of units of green tissue. The char- 
acters subject less variation in com- 
parison with the above are: the num- 
ber of leaves; the absolute length of 
the petiole; the relative length of the 
petiole; the absolute length of the 
leaf blade; the shape of the leaf; 


the percentage of sugar; the length 
of life of leaf. Correlation of charac- 
ters showing a high phenotypical vari- 
ability are thus of little genetic sig- 
nificance. 


The Sugar Trust has recently is- 
sued an English pamphlet summariz- 
ing the accomplishments to date in 
beet seed production. The many illus- 
trations give the impression that the 
industry is rapidly becoming “mechan- 
ized,” which magic term is used many 
times in the text. The tables showing 
increases in yield and in sugar con- 
tent indicate, strange as it may seem, 
that this is not interfering with the 
successful application of biological prin- 
ciples. 


The United States, although it pro- 
duces some two billion pounds of 
beet sugar per year, raises practically 
none of its own seed. Before the 
war the German and Polish seed, 
our chief sources of supply, came 
largely from Russia, the seed farms 
being located in the region of the 
Kiev. At the present time Ameri- 
can seed supplies are obtained from 
Germany, Russia and France, the seed 
actually originating in these countries. 
The Russian eagerness to enlighten the 
Western world on the success of the 
five-year plan in beet seed production 
is doubtless motivated in part by a nat- 
ural desire to regain this lost market. 
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EFFECTS PRODUCED AGING AND 


RAYING EGGS 


of Drosophila Melanogaster 


J. T. Patterson, WELDON BREWSTER, AND A. M. WINCHESTER 
Department of Zoology, University of Texas 


N making a study of the effects 

of X-rays on the production of 

mosaics in Drosophila, the senior 
author found that if the eggs were 
“aged” in the females before the 
flies were treated and mated, the num- 
ber of exceptional or non-disjunction- 
al individuals appearing in the Fy cul- 
tures was significantly increased over 
that found in cultures derived from 
eggs that had not been aged before 
the females had been treated and mat- 
ed. In a series of experiments in 
which five different groups of virgin 
vellow white females were aged one, 
three, five, seven, and nine days, re- 
spectively, and then X-rayed = and 
crossed to eosin-singed males, the per- 
centage of exceptional flies, due to 
primary non-disjunction, was found 
to gradually increase up to and in- 
cluding the seventh day, but on the 
ninth day there was a decided drop in 
the percentage (JoURNAL oF Herepity, 
Vol. XX, p. 206). In the control 
series no such increase occurred. It 
was therefore evident that the ob- 
served increase in the experimental 
series must in some way be related to 
the aging process plus the effects of 
irradiation. 

In view of these facts, it was de- 
cided to make a series of studies on 
the effect of X-raying eggs that had 
been aged in the ovaries of the fe- 
males. The two junior authors have 
carried on the major part of this in- 
vestigation; Mr. Brewster studying 


the effects of aging on the production 
of eggs and on fertility, together with 
the effect of X-radiation on the fertil- 
ity, and Mr. Winchester making an 
investigation of the effect of aging on 
the production of primary non- ~dis- 
junction. The senior author has sum- 
marized his data that has a bearing 
on the question of the effect of aging 
on the production of breaks in the X- 
chromosome. 


In our separate investigations we 
have used the same general methods 
for handling the flies and for giving 
the treatments. In order to “age” 
the eggs, the virgin females were kept 
under crowded conditions (in all ex- 
cept one experiment) in one by four 
inch vials, which contained the agar- 
banana food. It was found that this 
method inhibited the virgin females 
from depositing many eggs, especially 
during the first six or seven days of 
the aging process. Whenever a given 
group of females had reached the de- 
sired stage, half of the flies were 
X-rayed and mated, and then placed in 
half-pint bottles containing food rich 
in yeast. The other half of the group 
was mated without treatment and 
used as controls. In most of the ex- 
periments about fifteen or twenty 
pairs of flies were placed in each cul- 
ture bottle. The cultures were kept 
at room temperature which varied 
between seventy and eighty degrees, 
with an average of about seventy-five 
degrees.—J. T. 


I. The Effect of Aging on Egg Production and Fertility, and the 
Effect of X-Radiation (Brewster) 


Egg Production by Virgin Females 


In order to have a basis for the 
study of the effect of X-radiation on 
aged eggs, it was necessary to obtain 


information concerning the rate at 
which mature eggs were formed and 
retained in the ovaries of the virgin 
females. The first experiment was 
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designed for this purpose. Ninety 
wild-type virgin females were collect- 
ed within six hours after the culture 
bottles had been freed of all flies, and 
placed separately in vials, each of 
which contained a paper spoon hold- 
ing banana food. The spoons were 
removed and fresh ones added at the 
end of each twenty-four hour period. 
Counts were made each day of the 
eggs deposited on the food for a peri- 
od of ten days. Each day the ovaries 
of nine females were carefully dis- 
sected out and the number of fully 
formed or mature eggs was counted 
and recorded. 

The same procedure was followed 
in handling the ninety females used as 
controls, except that these females, 
immediately after they had been col- 
lected from the culture bottles, were 
mated to wild-type males. 

In Table I are given the results ob- 
tained in this experiment, both for the 
experimental and control series. Dur- 
ing the first two days the virgin fe- 
males deposited no eggs, but on the 
third and fourth days a few eggs were 
laid. Beginning with the fifth day, 
the virgins laid an increasingly larger 
number of eggs up to and including 
the eighth day. On this day the re- 
maining twenty-seven females de- 
posited a total of one hundred and 
twenty eggs, for an average of 4.4 
eges per fly. The ninth and tenth 
days showed a decrease in the number 
of eggs laid. 

As shown in the last column of the 
table (top half), very few mature 
eggs were found in the ovaries of the 
nine females dissected at the end of 
the first day, the average being 0.7 of 
one ege per pair of ovaries. After 
the first day the average number of 
eggs per pair of ovaries gradually in- 
creased throughout the rest of the 
ten day period, with the exception of 
the eighth day. The eighth day shows 
a distinct drop in the average number 
of eggs, but this can in part be ex- 
plained by the fact that the virgin fe- 
males deposited on this day the larg- 
est average number of eggs for any 
of the ten days. 
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The data for the control series 
(lower half of table) stand out in 
sharp contrast to those of the experi- 
mental series. The females here were 
mated immediately after collection, so 
that even as early as the second day 
the average number of eggs laid was 
39.8 per female. With but slight 
variations, this average increased each 
day and reached the highest point on 
the ninth day. The average number 
of mature eggs found in the ovaries 
of the dissected specimens remained 
practically constant after the first day, 
the average being 9.8 eggs per pair 
of ovaries for the last nine days. This 
average for the corresponding days 
for the virgin females was 68.0 eggs. 
The total number of eggs laid by the 
virgin females during the ten day 
period was three hundred and seven- 
ty-five while the mated females laid 
a total of 23,371. The total number 
of mature eggs found in the ovaries 
of the dissected females was 5,570, 
and only 821 were obtained from the 
ovaries of the mated females. 


It is evident that virgin females 
“store” up a comparatively large num- 
ber of eggs in their ovaries, and de- 
posit very few, while mated females 
do just the reverse. The mated fe- 
male lays her eggs practically as fast 
as they are formed in her gonads. It 
must be remembered that in this par- 
ticular experiment the virgin females 
were not “crowded,” and were there- 
fore carrying on their activities under 
favorable conditions. Had crowding 
many virgin females in each vial been 
resorted to, it would have been found 
that fewer eggs still would have been 
laid, and a corespondingly larger num- 
ber would have been retained -in the 
ovaries. It has been found that un- 
der the condition of crowding, a fe- 
male may retain as many as a hun- 
dred and twenty mature eggs. There 
is obviously a limit to the number of 
mature eggs that can be held in the 
gonads, so that one of two things 
will happen, either the fly will deposit 
the eggs after seven or eight days, or 
some of the eggs will disintegrate. 
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Patterson, et al: 


The Effect of Aging on Fertility 


In order to determine the effect of 
aging on fertility of the stored eggs, 
ninety wild- a virgin females were 
divided into five groups of eighteen 
each, and aged one, three, five, seven, 
and nine days, respectively. At the 
end of each period of aging the vir- 
gins were mated and one pair placed 
in each food vial. The food spoons 
were changed daily for the first three 
days, and at the - of each day the 
eggs deposited on the food were 
counted and the spoon was_ trans- 
ferred to a vial containing moist cot- 
ton. The eggs were then incubated 
at a temperature of 27 degrees centi- 
erade. At the end of thirty-six hours 
the number of eggs that had hatched 
was determined by counting the num- 
ber of undeveloped eggs. 

The control series was treated in a 
similar manner, except that the fe- 
males were mated immediately after 
being collected, and the counts of the 
eggs laid and hatched were not start- 
ed until the beginning of the cor- 
responding period of aging of the ex- 
perimental series. For example, the 
eggs laid by the second group of 
mated females during the three days 
following mating were discarded, and 
the counts then made on the eggs 
laid during the three succeeding days. 

The results obtained in this experi- 
ment are shown in Table Il. The 
number of eggs examined for the ex- 
perimental series was 10,583, and that 
for the control series was 11,424. An 
analysis of the data reveals the fact 
that the percent of eggs that devel- 
oped was consistently lower on the 
first day of collection than on either 
of the two succeeding days. On the 
second and third days of collection 
the percentages of fertility were ap- 


proximately the same as for those of 


the corresponding days of the con- 
trols. The difference in percentage of 
fertility of the eggs aged one day and 
the controls is considered of no sig- 
nificance, but a very decided decrease 
in this percentage is found for the 
first days for eggs aged three, five, 
seven, and nine days respectively. 


Aging and X-Raying Eggs 


Since, as the control series shows, 
the average percentage of fertility of 
females that were not aged was 92,9, 
it was necessary for comparison to 
correct the percentage of fertility 
found in the experimental series. 
This was done by dividing the per- 
centage of fertility in the experimen- 
tal series by that for the correspond- 
ing days of the control series. On this 
basis a corrected percentage of 100 
would mean that the aging process 
has had no effect on fertility. The 
corrected percentages are given in the 
last column of the upper part of the 
table. It will be observed that for the 
first day the eggs from females aged 
one day, the percentage of fertility 
drops to 93.3, and for the second day 
it was normal, while the third day 
shows a slight decrease. For females 
aged three days, the percentage de- 
crease amounts to 22 per cent for the 
first day, with insignificant decreases 
for the second and third days. For 
females aged five days, the first day 
shows a decrease of nineteen per cent, 
the second day only one per cent, and 
the third day was normal. Finally, 
for the two groups of females aged 
seven and nine days, the first day 
shows a decrease of tw enty-one and 
twenty per cent, respectively. The 
second and third days for each group 
Were normal. 


From this, one may conclude that 
aging the female, and hence the con- 
tained eggs, significantly decreases 
the percentage of fertility of the eggs 
laid during the first day after the 
close of the aging period, but has lit- 
tle or no effect on fertility thereafter. 
This decrease may be due to the fact 
that the older of the retained eggs 
undergo degeneration, although it is 
possible that it may be due to a fail- 
ure of the inseminating mechanism to 
function properly. 


The Effect of X-rays on the Fertility 
of Eggs That Have Been Aged 


For this test the ninety wild-type 
virgin females were first handled ex- 
actly as were those for the preceding 
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experiment. They were divided into 
five groups of eighteen each, and aged 
one, three, five, seven, and nine days, 
respectively, and then X-rayed with a 
dosage of 1325 r units. After treat- 
ment the females were mated to wild- 
type males and one pair placed in 
each food vial. Their subsequent 
treatment was the same as for the 
last experiment. The control flies of 
the preceding test served also as con- 
trols for this experiment. In correct- 
ing the percentages to obtain the ef- 
fect of X-rays on aged eggs, it was 
necessary to compute the percentage 
of eggs that would develop under 
normal conditions and the percentage 
that would develop when the eggs 
were aged for each of the five respec- 
tive periods in the preceding experi- 
ment, and then calculate the addition- 
al effect of X-radiation. 

In Table III are given all of the 
data, and the last column shows the 
corrected percentages as determined 
by the method of calculation as just 
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stated. A. percentage of 100 here 
means that X-radiation had no ad- 
ditional effect on fertility above that 
resulting from the aging process. The 
data obtained show that the fertility 
of the eggs deposited on the first day 
of each of the five periods of aging 
was distinctly lowered as a result of 
the treatment. The greatest effect is 
seen in the group that had been aged 
seven days, where the percentage 
drops to 28.3. The eggs laid on the 
third day of each period shows no de- 
crease in fertility, but the average 
percentage decrease for those laid on 
the second day was 5.6. This is prob- 
ably to be accounted for by the fact 
that not all of the mature eggs pres- 
ent in the ovaries had been deposited 
on the first day of laying. It is con- 
cluded that the effect of X-radiation 
plus aging in decreasing the percent- 
age of fertility is manifested primari- 
ly on the fully formed eggs. If there 
is an effect on immature eggs it is 
not apparent. 


II. The Effect of Aging the Egg Before X-Raying on the Production 
on Primary Non-Disjunction (Winchester) 


As mentioned in the introductory 
section, the senior author had shown, 
in a limited series, that the age of 
the virgin females at the time of giv- 
ing the X-ray treatments was an im- 
portant factor in the production of 
primary non-disjunction. It was 
found that for a constant dosage the 
amount of non-disjunction was direct- 
ly proportional to the age of the 
virgin females at the time of treat- 
ment, up to a certain stage, after 
which there was a decrease. The 
purpose of this series of experiments 
was to extend the earlier observations, 
by the use of a more extensive series of 
stages. 

In these experiments females bear- 
ing the sex-linked recessive genes for 
yellow, white, forked, and the domi- 
nant gene for bar eyes were used as 
the treated parents, while the un- 
treated parents were eosin miniature 
males. With both of these combina- 


tions it is a simple mater to detect 
the exceptional flies in the F, cultures, 
for the exceptional males will be 
eosin miniature like their father and 
the exceptional females will be yel- 
low white forked bar like their 
mother, while the regular males will 
be yellow white forked bar and the 
eer females will be heterozygous 
eosin bar. 

The virgin females were held in 
vials, under crowded conditions, for 
various lengths of time. At the end 
of any period of aging, one half of 
the females were given a dosage of 
795 r units, and then mated and placed 
in half-pint culture bottles, with about 
fifteen pairs to the bottle. The other 
half of the group was mated without 
treatment and used as controls. At 
the end of each twenty-four hours, 
for a period of ten days, the flies were 
transferred to fresh culture bottles, 
so that at the end of any given ex- 
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EFFECT OF AGING AND X-RAYS ON NON-DISJUNCTION 
Figure 14 


6 9 10 


Block graph showing the effects of aging the eggs before X-radiation on the production 


of non-disjunction. 
outline represent the X-rayed series. 
flies, 


The rectangles in solid black represent the control series; those in 
The ordinates indicate the number of non-disjunctional 


periment there were ten sets of bot- 
tles, each set containing eggs that 
had been laid within a period of twen- 
ty-four hours. After the flies had 
all emerged in a set of bottles the 
first 1,000 were examined and the 
number of exceptional flies deter- 
mined. 

During the course of the work, ten 
different groups of flies were han- 
‘led in this way. The groups were 
ged one, two, three, four, five, six, 
even, eight, nine, and ten days, re- 
pectively. It was found that the 
‘ies in the X-rayed series in each 


group laid very few eggs on the first 
day after mating, making it impossi- 
ble to obtain 1,000 offspring for that 
day. In order to be certain that the 
exceptional flies were due to primary 
non-disjunction, many of these males 
were tested and in no case was such 
a male found to be fertile. 

The results obtained from the ex- 
periments outlined above are shown 
in Tables IV and V. There was a 
total of 91,262 flies examined in the 
X-rayed series, and 93,997 in the con- 
trol series. The total number of ex- 
ceptional flies secured from the X- 
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rayed series was 432, and that ob- 
tained from the control series was 68. 
As previously stated, it was impossi- 
ble to obtain 1,000 flies for each ex- 
periment from eggs laid during the 
first day. However, there was found 
to be a very high per cent of excep- 
tions from those that were secured. 
Taking them as a whole, we find that 
for the ten-day periods of aging only 
1,262 flies emerged from eggs laid on 
the first day after treatment, but of 
these 56 were exceptions, which is 
4.43 per cent of the total. This is 
more than three times the total per 
cent for the second day, which was 
the next highest with 1.27 per cent. 
In the controls (Table V) there was 
a total of 3,997 flies developed from 
eggs laid the first day, of which five 
were exceptions. This gave a per 
cent of .11 of non-disjunction flies, as 
compared to the average of .07 per 
cent from the other nine days. 


In both tables the per cents of non- 
disjunction flies given in the first 
horizontal lines for the first day were 
calculated on the bases of 1,000 flies 
for each period of aging, but since 
the probable error of these numbers 
would be high, we have omitted them 
in the totals and base the calculations 
that follow on the data for the last 
nine days. Returning now the num- 
ber of exceptional flies, we find that 
the X-rayed series gave a per cent of 
418 as against .07 for the controls. 
The difference is .348 + .011, showing 
definitely that X-radiation greatly in- 
creases primary non-disjunction. The 
rate of the controls is in accordance 
with the number found by Mavor and 
others, who placed it at .06 per cent. 


The totals given at the bottom of 
Table 1V show that the number of 
non-disjunction flies in the treated 
series increases from nineteen, from 
eggs derived from females aged one day, 
to a maximum of sixty-six from eggs of 
females aged eight days. The num- 
bers drop to thirty-four and thirty- 
two for eggs from females aged nine 
and ten days, respectively. This de- 
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crease can be explained by Brew. 
ster’s observations that after eight 
days of aging the virgin females may 
deposit some of the mature eggs and 
others undergo disintegration within 
the ovaries. Such losses of mature 
eggs would tend to counteract the ef.- 
fect produced by storing the egg: 


with a proportionate decrease in ‘the 
effect ot X-radiation. 


The corresponding numbers tor the 
controls, as seen in the totals listed 
at the bottom of Table V, show no 
such increase for the different period 
of aging. If we take the numbers 
for the first eight days and expres: 
them in statistical terms, we find, in 
the X-rayed series, a coefficient of 
correlation of .966 between the num- 
ber of days the females were aged and 
the number of non-disjunction off- 
spring produced. This is a very high 
positive correlation. In the case of 
the controls, for the corresponding 
days, the coefficient of correlation is 
exactly .00, which shows that the 
aging itself has no effect on the pro- 
duction of non-disjunction. Figure 14 


gives a graphical representation of 
these facts. 


As we have just shown, the num- 


ber of exceptional flies increases 
through the eighth day of aging. 
However, the data end that with 


reference to the day on which the 
eggs were laid, there is a decrease 
down through the sixth day, after 
which the number of exceptional flies 
per day remains practically constant, 
but still significantly higher than for 
the corresponding days of the con- 
trols. The per cents of non-disjunc- 
tion from the first to the tenth 
were 4.43, 1.27, 81, .52, .45, .24, .13, 
11, .10, and .12, respectively. This is 
In agreement with Mavor’s work, | 
which he showed that the greater 
number of non-disjunction flies come 
from eggs laid during the first s‘x 
days after treating and mating. Th's 
shows that in the production of nor- 
disjunction, the older the eggs tle 


greater is their susceptibility to >- 
radiation. 
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\nother point of interest is the 


ratio of primary non-disjunction fe- 
males 


to primary non-disjunction 
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dol 


males. Mavor places this ratio at 
1:6. We find that in both the X-rayed 
and control series this ratio is 1: 7. 


III. The Effect of Aging on Breakage of the X-Chromosome 


An extensive series of experiments 
on the effects of breaking the X- 
chromosome on the production of 
variant flies has been carried out by 
the senior author. In the light of the 
results given above it becomes a mat- 
ter of interest to determine what ef- 
fect, if any, aging the eggs before 
treatment may have on the forma- 


'tion of these variants. 


The results obtained indicate that 


the percentage of variant flies due to 


breakage is also increased by aging 
the mothers before X-raying. [or 


these experiments there were used 


several special stocks which made it 
possible to detect variations due to 
breakage of one of the X-chromo- 
somes of the XX-zygote. The vari- 
ant flies fall into four groups: (1) 
Aberrant females, caused by a loss of 
a portion of one of the X-chromo- 
somes; (2) gray-yellow females or 
half and half mosaics, produced by 
breaking off a small fragment at- 
tached to the right- or fiber-bearing 
end of the X-chromosome (Theta X) ; 
(3) aberrant males, caused by the loss 
of the major part of one of the X- 
chromosomes of an XX-zygote; (4) 
sex-mosaics, or gynandromorphs, in 
which the male parts have received 
one X-chromosome and part of a 
broken X-chromosome. 

The upper part of Table VI shows 
the results obtained from treating the 
eggs in females that had been aged 
ior various lengths of time. The per- 
centages there shown were corrected 
tor the controls. The average dosage 
used in giving the treatments was 
‘95 yr units. The lower half of the 
‘able gives the data on aged mothers 
“iat were not treated. 

If we compare, in the experimental 
“cries, the increase in breaks that oc- 
‘arred in the X-chromosome for each 

1y of aging, after the second, with 


the number found for the second day, 
we find that there is a distinct differ- 
ence. The per cent of breaks in eggs 
from females aged three days before 
treatment has increased from .144 to 
.506 over the second day, the differ- 
ence being .00422+.00108. This is 
three and nine-tenths times greater 
than the probable error. If in turn, 
each succeeding day (from the fourth 
to the seventh) is compared in a 
similar way with the second, the dif- 
ferences are found to be 4.01, 4.13, 
3.78, and 3.72 greater than their re- 
spective probable errors. The data 
for the three days, 8th, 9th, and 11th, 
are placed together, and here we find 
that the per cent of breaks is lower 
than for any of the preceding five 
days, although the difference from 
the second day is still slightly greater 
than three times the probable error. 
The decrease in the percentage of 
breaks found after the seventh day is 
undoubtedly due to the same causes 
cited above in the experiments on 
non-disjunction, namely to the deposi- 
tion of some of the mature eggs and 
to the disintegration of others. 

In Table VII are shown the results 
obtained when virgin females were 
aged and then crossed to treated 
males. As may be observed, there is 
no consistent increase in the number 
of breaks due to the aging of the 
untreated mothers. The per cent for 
the first day is almost as high as for 
any of the other days, and is actually 
higher than that for the sixth day. 
Furthermore, the difference from the 
first day for the succeeding days is 
lower, in each instance, than the prob- 
able error. It is evident then that 
aging the eggs in females that are 
mated to treated males will have no 
additional effect on the rate of break- 
age in the X-chromosome. It is only 
when aged females are X-rayed that 
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Table I. Daily Ege Production of Virgin Females 


Table II. The Effects of Aging on Fertility 


Experimental Series Axperimental Series 
Number| Number| Number Average | Average number Age of |Number of |Daily egg| Ave und 
of of of eggs number of eggs females jdays eggs |productio ton hatched. 
days |fenales/deposited | of ezgs | in ovaries in days jcollected roduction jlarvae 
90 0 0 0.7 
32 18.4 28 86.4 230 
2 81 34.7 1 ; 966 778 90.5 10330 
3 72 4 205 56.2 . ° 5 91.1 98.80 
270 15.0 190 0. . 
4 63 3 204 53.8 3 40.3 
43.0 ° 
5 54 17 e311 7605 : " 3 7 91.4 9 0 
9 22.0 4. 
45 62 1.40 7607 5 47.4 730 
4 1 
7 36 84 2.30 79.6 ; 53 915 94.7 100.00 
93 32.7 440 4.2 ‘ 
8 27 120 4.40 66.0 7 811 
43. 42 
9 18 41 2.20 85.5 3 7 94.0 100.00 
3 3542 476 4. 80.1 
10 9 | 34 3.70 88.5 2 789 | 
44,1 
Control Series 723 2608 100.00 
Control Seri 
1 90 71 -78 2.6 
410 22. 80 o 
2 81 3226 39.80 10.4 1 48.5 789 
51.0 61 
3 72 4246 58.90 10.3 : 93 
477 26.6 410 0. 
4 63 3233 51.30 11.7 3 47:2 788 
q 46. 1 
5 54 3241 60.00 10.2 9307 
4 0.2 498 
6 45 3011 66.90 10.0 5 720 
3 46. 88 . 
7 36 | 2240 66.20 7.8 . s 3 7 94.4 
4 8. 64 
8 27 | 2042 75 50 8.6 ? 771 22:8 720 9303 
3 743 41.2 694 $3.4 
9 18 1414 78.50 10.6 
41.7 70 93. 
10 9 658 73-10 8.6 9 2 il 45.0 762 93.8 
3 816 45.3 765 93.7 
abl I. h ffect f X- h ‘ 
Table II The E Fertility of Eges Sable Series 
| Days Days females were aged before treatment. Reg. Reg. ed N.D 
Number Number of | Daily egg | Number | Per cent | Corrected eccs Below shows percents of N.D.per 1000. Males [Feaales|iales |Fenales 
of days days eggs production of hatched percentage were 
aged collected larvae laid] 1 2 3 4 5 6 7 8 9 |} 10 
1 351 232 66.0 76-3 * Ast |0.8 |3.7 | 3-1 10.4 |7.7 [11.9 [11.3 [11-4 | 729/224 | 575 631 51 5 
1 2 595 521 87.6 96.7 3 
3 751 703 93-6 100.0 2nd | 0-6] 1.5 [1-4] 1.6] 2.0] 246 | 0.8]1.0 | 4503 5370 | 109 1 
1 613 260 42.4 60.7 3rd 10.3 10.6 10.6] 067 | 1.3 | 0-6] O69] 1.3 | 0.8/1.0 | 4569 5350 74 7 
3 2 783 689 87.9 9547 P 
3 762 706 92.6 100.0 4th 10.4 10.4 | 0.3] 065 10.5] 0.6] 0.8] 1.0 | 0.4/0.3 | 4635 5333 44 
1 640 215 33:3 45.1 Sth [0.1 10.3 | 0.2] 0.5 [0.4] 0.7] 069] 067 | 0.4/0.3 | 4580 5375 41 4 
5 2 800 696 7.0 94.0 
3 850 770 90.5 100.0 6th 10.1 | | 0.1] 0-2] 0.3] 0.6] 0.4/0.1 | 4662 5314 23 1 
1 637 153 21.0 28.3 7th 10.2 | 0.1] 0.1 | 0.1] 0.3] 0.1] 0.2] 0.2/0.1 | 4681 5305} 11 3 
7 2 72 671 86.9 94.0 
3. 55 803 94.5 100.0 8th 10.1 10.1 | 0.0] 0.1 | 0.2] O.2] 0.0] 0.0] 0.2/0.2 4611 5378 9 2 
1 565 211 3793 49.8 9th [0.1 | 0.1] 0.0 | 0.1] 0.1] O-1] 0.1 | | 4659 5331 10 
9 2 787 678 6.1 91.6 
3 911 835 91.6 100.0 10th [0.1 [0.1 | 0.2] 0.1 | 0.1] 0.2] O11 | 0.1/0.1 | 4627 5361 3 
TALS} 19 | 26] 23] 37] 42] 45) 52] S6] 34] 32 (41,527/48,097 | 330 46 
Table V. Control Series ‘(See Table IV) Table VI. Treated Females 
Days | Days fenales were aged before mating. N.D. N.D X-ray Series 
eggs |Below shows percents of N.D.per 1000. Males |Females|lMales|Females Age of Semen of Surber of Percent Differences 
perf 8 10 females treated broken of frou 
laid 1 2 3 nd 3 6 ? 9 in days X-chromosones|X-chromosomes| breaks second day 
lst [0.0 [0.0 |0.3 {1.0 {0.2 |0.0]0.1]0.0] 1881] 2112 5 > 2899 9 
7th | 0.3 | 0.1 | 0.0 | 0.1] 0.2/0.0/0.1] 4661) 5330 8 8,9,11 2985 ll 2464 | .00320+,00102 
8th |0.0 /0.1 | 0.1 | 0.0 | 0.0 |0.0 | 0.1] 0.0/0.0/0.1 4668] 5328 4 Control Series L 
9th | 0.0/0.1 0.1 |} 0.1/0.0 [0.1/0.2] 0.0]/0.1/0.0] 4687] 5306 6 1 Age of females of umber of dbroken Percent 
reac 
loth | 0.0/0.2] 0.1 | 0.0] 0.2 | 0.1 | 0.1] 4565] 5427] 8 0 in days 
2000 
Mtals} 6/9 417419 6] 4] 7 55 8 2 763 0 
2 4206 7 2166 
3 4525 4 088 
4 1170 1 2085 
000 
Table VII. Treated wales 380 
X-ray Series 6 316 0000 
Age of Number of Number of Percent Differences ’ 
females treated broken of from Table VII--Control Series ~ 
in days |X-chromosomes | X-chromosomes | breaks first day 
Age of females Number of Number of broken | Percent 
1 637 4 592 in days X-chromosones X-chromo somes break» 
2 5040 42 +599 200007  .00258 1 2800 1 2035 
3 1895 16 2763 2001714 .00274 2 4269 10 0234 
4 707 5 200055 .00306 3 1234 1 
6 375 200059 .00337 4 1457 2060 
7 531 °753 2001612 .00326 7 663 2000 
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«,. increase in the number of variant 
fies due to breakage is found in the 
cultures. It has been observed that 
the increase in the number of vari- 
ants is confined to the first three or 
four days after the flies begin to 
emerge, showing that the effect of X- 
radiation is more pronounced on the 
more mature eggs. 


General Conclusions 


1. Virgin females if held in crowd- 
ed quarters retain their mature eggs 
for the first seven or eight days, but 
thereafter will deposit some of these 
eggs, while other eggs tend to dis- 
integrate in the ovaries. The reten- 
tion of mature eggs in the ovary 
greatly retards the development of 
the younger eggs. 


2. Mature eggs retained by virgin 
females, when deposited after mating 
occurs, produce fewer larvae than 
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those subsequently laid by the same 
females. The failure of some of these 
eggs to develop may be due to the 
fact that they are laid too rapidly for 
the inseminating mechanism to func- 
tion properly. 

3. We find that X-radiation in- 
creases the percentage of infertility, 
of primary non-disjunction, and of 
breakage in the X-chromosome, when 
applied to mature eggs that have been 
“aged” by retention in the ovaries. 
The conclusion is that the nearer the 
eggs are to maturity, the more sus- 
ceptible they will be to X-radiation, 
with regard to the production of these 
phenomena. The advantage of using 
the aging method is so that larger 
numbers of eggs, having a greater 
susceptibility to the effects of X- 
radiation, can be exposed at one time. 
This susceptibility is probably related 
to the condition of the chromatin in 
maturing eggs. 


Statistics of Divorce 


STATISTICAL ANALYSIS OF AMER- 


ICAN DIVORCE, by Atrrep CAHEN. 
Columbia University Press. New York. 
Pp. 149. Price, $2.25. 1932. 


ROFESSOR J. O. HERTZLER 

suggested several years ago that 
social efficiency requires a periodical 
audit of all institutions. The Ameri- 
can family, sanctioned as it is by re- 
ligion, law, and custom, has in recent 
years been indicted, in part, a number 
of times by various writers. The 
present study by Mr. Cahen, while by 
no means a complete study of the 
family, is a notable contribution to 
the body of exact knowledge concern- 
ing the reaction of the modern family 
to changing social conditions. 


Family ties have been growing 
weaker ever since the Civil War. 
During the past 63 years the divorce 
‘ate has increased five fold. If the 
steady increase of the divorce rate, 
which “compounded annually at about 
« 3 per cent rate of increment” since 
367, is projected into the future, 
“i0ore than half the American mar- 


riages will end in divorce by 1965. In 
but ten states was the 1929 rate be- 
low the highest pre-1925 rate. Pro- 
fessor Willcox’s prediction in 1891 has 
practically been realized, for at pres- 
ent 18 per cent of all marriages end 
in divorce, of which one-half occur in 
the first seven years. The average 
length of American marriages until 
ended by death or divorce is 20 years. 
Were divorce non-existent the aver- 
age duration would be 23 years. 

Concerning the immediate causes of 
divorce there is little exact informa- 
tion. About one-third may be “‘classi- 
fied as due to grave causes” (adultery, 
drunkenness, and long time deser- 
tions); “the remaining two-thirds 
consist of the mutual incompatibility 
type.” Since only about one-third of 
the divorced persons remarry and 
since many of these “probably had no 
idea of remarriage at the time of the 
divorce suit, there is no evidence that 
increasing desire for remarriage has 
been a substantial cause of the five- 
fold increase.” 
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Laws have almost no effect upon 
the divorce rate. Only about 3 per 
cent of the annual 200,000 divorce 
quota are secured by non-residents 
who obtain divorces in Nevada, Paris, 
Mexico, etc., where the laws are most 
lenient. Dr. Cahen shows that “the 
divorce laws of today are not sub- 
stantially different from those of 
sixty-three years ago” and that con- 
sequently legal changes have exercised 
little effect upon the divorce rate. But 
a “negligible” effect is observed in the 
18 states which have altered their 
divorce laws since 1922. Dr. Cahen 
opposes the adoption of a nationally 
uniform divorce law. The expert 
knowledge requisite for such a law is 
lacking. Its adoption would penalize 
progressive states and destroy experi- 
mentation on part of the states. Ac- 
tually 43 states have “substantial uni- 
formity of laws.” 


The Causes of Divorce 


Concerning the underlying causes 
of divorce there is much disagree- 
ment. Dr. Cahen’s statistical analysis 
shows that degeneracy and poverty 
are but minor causes and that “evi- 
dence on religious decline and wom- 
an’s freedom as causes of divorce is 
too uncertain to permit generaliza- 
tion.” Urbanization, however, is 
“distinctly associated with divorce.” 
Relatively more women work in cities 
and the birth rate is lower there. 
Thus the urban wife is economically 
more independent and the binding in- 
fluence of children is lacking. While 
but 8 per cent of married couples are 
eventually divorced, 71 per cent of 


The Journal of Heredity 


the childless marriages end in this 
manner. It follows from these fig- 
ures that the absolute anti-social ef- 
fects of divorce upon children have 
been exaggerated inasmuch as _ chil- 
dren of divorced parents form but a 
small percentage of the total number, 
Urban growth is also synonymous with 
growing economic production and ac- 
celerated speed of living in industrial 
cities, such circumstances tending to 
cause increased friction in family cir- 
cles.” 

Summarizing, the increase in the 
divorce rate “is the product of chang- 
ing social conditions. The equilibrium 
of the family institution has been 
shaken by the radical transformations 
in its economic and social environ- 
ment.” While intangible factors are 
not measurable it is apparent that 
social approval of divorce is increas- 
ing. The principal measurable factors 
which have affected divorces have 
been increased economic production, 
childlessness, entrance of woman into 
industry, etc., and urban growth. The 
business cycle has almost no effect. 
“City life involves a complexity of 
interacting factors affecting the unity 
of the home, that are reflected’ later 
and to a lesser degree in the coun- 
try” where the divorce rate is only 
half as high. Functions formerly per- 
formed by the family are largely per- 
formed by other agencies today, es- 
pecially in the cities. Divorce, in 
brief is a cost of progress. And since 
progress will probably continue the 
divorce rate will increase. 


JosEPH J. SPENGLER. 
University of Arizona. 
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